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This  sork  was  undertaken  to  determine  the  pathogenic  mechanism  by  which  glckettaia 
conorii  causes  disease.  R,  conorii ,  an  organism  that  has  been  neglected  in  spite  of  its 
widespread  distribution  end  pathogenic  qualities,  was  studied  in  human  subjects,  snimal 
models,  and  In  vitro.  Tha  purpose  of  the  work  is  to  slucidats  the  pathology  of  boutonneuee 
fever  and  tha  pathogenic  mechanisms  which  might  be  blocked  therapeutically  or  prophylac- 
tically.  Human  tissues  were  investigated  by  light  microscopy,  histochemistry,  immuno¬ 
fluorescence,  end  electron  microscopy.  vitro  models  of  cell  injury  by  R.  conorii 
included  the  plague  modwl  end  cell  culture  release  of  lsctste  dvhydrogenese.  - 

Of  biopsies  of  lesions  compatible  with  tache  nolres  from  22  patients  in  Sicily,  16 
have  been  documented  te  Bf ,  1  wee  shown  not  to  have  Sf1 ,  and  5  have  incomplete  date  et 
present.  Evaluation  of  the  documented  cases  semiquentitatively  for  presence  end  severity 
of  specific  pathologic  features  yielded  the  following!  cutaneous  necroeie  wee  present 
in  10  of  15  eveulatsble  taches  noirea,  vasculitis  was  srvere  or  moderate  in  all  16) 
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thrombosis  was  severs  in  only  1,  moderate  in  only  1,  mild  in  A,  and  absent  in  10;  dermal 
edema  was  moderate  in  12,  and  mild  in  4-  The  predominant  leukocytes  were  lyii*>hocytes 
and  macrophages;  immune fluorescent  Rickettsia  conorii  were  demonstrated  in  12. 

These  results  indicate  that  vascular  injury  by  rickettsiae  is  the  major  lesion 
and  that  dermal  edema  is  the  important  result.  Thrombosis  was  generally  absent  or  only 
focal  and  mild. 

Seven  ^..naecutive  Sicilian  patients  with  boutonneuse  fever  who  consented  to  liver 
biopsy  had  hepatic  lesions.  This  suggests  that  R,  conorii  is  frequently  viscerotropic 
and  in  patients  with  particular  risk  factors  poses  a  serious  threat.  Cllnicoepidemiologi: 
studies  with  European  collaborators  depict  boutonneuse  fever  as  geographically  widely 
distributed  and  at  times  quite  severe.  The  problem  of  developing  a  good  animal  model 
for  boutonneuse  fever  has  been  solved  only  for  f?.  conorii  hepatitis  In  which  our  studies 
of  the  mouse  model  have  progressed.  We  may  conclude  that  the  pathogenic  mechanisms  and 
pathophysiology  of  R.  conorii  infection  are  being  defined  at  the  tissue  level  and  that 
the  cellular  level  Ts  our  current  goal. 
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Sunrvary 


This  work  was  undertaken  to  determine  the  pathogenic  mechanism  by  which 
Rickettsia  conorli  causes  disease.  R.  conorll.  an  organism  that  has  been 
neglected  In  spite  of  Its  widespread  distribution  and  pathogenic  qualities, 
was  studied  In  human  subjects,  animal  models,  and  In  vitro.  The  purpose  of 
the  work  Is  to  elucidate  the  pathology  of  boutonneuse  fever  and  the  patho¬ 
genic  mechanisms  which  might  be  blocked  therapeutically  or  prophy Tactical 1y. 
Human  tissues  were  Investigated  by  light  microscopy,  histochemistry,  immuno¬ 
fluorescence,  and  electron  microscopy.  In  vitro  models  of  cell  Injury  by  R. 
conorl  1  Included  the  plaque  model  and  cefT culture  release  of  lactate 
dehydrogenase. 

Of  biopsies  of  lesions  compatible  with  tache  nolres  from  22  patients  In 
Sicily,  16  have  been  documented  as  8F,  1  was  shown  not  to  have  BF,  and  5 
have  Incomplete  data  at  present.  Evaluation  of  the  documented  cases  sesri- 
quantltatlvely  for  presence  and  severity  of  specific  pathologic  features 
yielded  the  following:  cutaneous  necrosis  was  present  In  10  of  15 
evaluatable  taches  nolres;  vasculitis  was  severe  or  moderate  In  all  16; 
thrombosis  was  severe  In  only  1,  moderate  In  only  1,  nr  Id  In  4,  and  absent 
In  10;  dermal  edema  was  moderate  In  12,  and  mild  In  4.  The  predominant 
leukocytes  were  lymphocytes  and  macrophages;  Immunofluoroscent  Rickettsia 
conorll  were  demonstrated  In  12. 

These  results  Indicate  that  vascular  Injury  by  rlckettslae  Is  the  major 
lesion  and  that  dermal  edema  Is  the  important  result.  Thrombosis  was 
generally  absent  or  only  focal  and  mild. 

Seven  consecutive  Sicilian  patients  with  boutonneuse  feVer  who 
consented  to  liver  biopsy  had  hepatic  lesions.  This  suggests  that  R. 
conorl 1  Is  frequently  vlscerotroplc  and  In  patients  with  particular  risk 
factors  poses  a  serious  threat.  Cl Inlcoepldemiol ogle  studies  with  European 
collaborators  depict  boutonneuse  fever  as  geographical  ly  widely  distributed 
and  at  times  quite  severe.  The  problem  of  developing  a  good  animal  model 
for  boutonneuse  fever  has  been  sol  ved  only  for  R.  conorll  hepatitis  In  which 
our  studies  of  the  mouse  model  have  progressed.  We  may  conclude  that  the 
pathogenic  mechanisms  and  pathophysiology  of  R.  conorl 1  Infection  are  being  ■ 
defined  at  the  tissue  level  and  that  the  cel  lUlar  1  evel  Is  our  current  goal. 


Foreword 


For  the  protection  of  human  subjects,  the  Investigator  has  adhered  to 
policies  of  applicable  Federal  taw  45CFR46. 

In  conducting  the  research  described  In  this  report,  the  Investigator 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals,"  prepared 
by  the  Committee  on  Care  and  Use  of  Laboratory  Animals  of  the  Institute  of 
Laboratory  Animal  Resources,  National  Research  Council  (DHEW  Publication  No. 
(NIH)  78-23,  Revised  1978. 


Table  of  Contents 


Report  Documentation 

Title . 

Summary  . 

Foreward  . 

Table  of  Contents  . 

Background . 

Approach  to  Problem 

Results  . 

Talle  1  . 

Table  2  ...... 

Table  3  ...... 

Table  4  . 

Table  5  . 

Conclusions  .... 
Recommendations  .  . 
Selected  Bibliography 


.  3 
.  5 
.  6 
.  7 
.  8 
.  9 
.17 
.20 
.34 
.35 
.36 
.37 
.38 
,39 
40 
42 


9 


Statement  of  Problem 

Spotted  fever  group  ridcettslae  Including  Rickettsia  conorli,  j?. 
slblrlca,  and  R.  atari  are  important  potential  causes  of  military  health 
problems.  In  order  to  meet  the  challenges  of  these  diseases  to  the  health  of 
groups  of  soldiers  who  enter  zoonotic  areas,  methods  of  effective  prevention. 
Improved  diagnosis,  and  optimal  treatment  are  required.  Development  of  an 
effective  vaccine  offers  the  best  hope  for  prevention  of  boutonneuse  fever  and 
other  spotted  fever  group  rlckettsioses.  No  affective  vaccine  exists  for  any 
of  these  rickettsial  diseases.  Because  most  effective  vaccines  for 
prokaryotic  organisms  rely  upon  Interdiction  of  the  specific  pathogenic 
mechanism  of  the  organism,  e.g.,  diphtheria  and  tetanus,  it  Is  Important  to 
elucidate  the  pathogenic  mechanism  of  cell  Injury  by  R.  conorli.  The  failure 
of  killed  rickettsial  and  bacterial  vaccines,  e.g..  Rocky  Mountain  spotted 
fever,  typhoid  fever,  and  cholera,  may  be  a  result  of  a  lack  of  stimulation  of 
the  Immune  system  to  block  crucial  pathogenic  steps.  The  goal  of  this 
research  contract  is  to  determine  the  pathogenic  mechanism  for  R.  conorli. 
Laboratory  research  on  hypothetical  rickettsial  pathogenic  effects  must  be 
compared  with  observations  on  the  human  disease  In  order  to  assure  as  well  as 
possible  the  relevance  and  reality  of  working  models  of  the  host -parasite 
Interaction.  The  problems  of  lack  of  Information  on  the  pathology  of 
boutonneuse  fever,  the  human  ultrastructural  lesions  for  any  rlckettslosls, 
and  the  composition  of  the  Immune  and  Inflammatory  cell  populations  actually 
present  In  foci  of  rickettsial  Infection  In  humans  are  addressed  In  this 
research  project.  Diagnosis  of  boutonneuse  fever.  North  Aslan  tick  typhus, 
and  rickettsialpox  Is  an  unsure  affair  with  considerable  room  for  error. 
Misdiagnosis  and  delayed  diagnosis  result  In  prolonged  Illness,  need  for  more 
care  often  Including  nursing  and  hospitalization  and  failure  to  Institute 
epidemiologic  preventive  illness.  Yet,  clinical  features  are  variable  and  do 
not  always  lead  to  a  timely  correct  diagnosis.  There  has  been  no  rapid,  acute 
laboratory  diagnostic  method.  Serologic  diagnosis  Is  a  retrospective  tool 
employed  during  convalescence  or  In  the  late  stage  of  the  Illness.  There  are 
few  facilities  In  the  world  for  Isolation  of  R.  conorli,  and  the  laboratory 
procedure  for  Isolation  Is  both  cumbersome  ancT  1  ong.  S'  diagnostic  test  that 
can  be  applied  during  the  acute  stage  of  Illness  Is  an  expected  spinoff  of 
this  research  project. 

Background 

Rickettsial  diseases  occur  over  a  wide  geographic  distribution,  are 
firmly  entrenched  ecologically,  and  pose  an  Important  threat  to  both  military 
and  public  health. 

Members  of  the  genus  Rickettsia  are  classified  into  three  groups  on  the 
basis  of  shared  group  antigens:  spotted  fever  group,  typhus  group,  and  scrub 
typhus  group.  All  are  obligate  Intracel  lular  bacteria  which  spend  at  least  a 
portion  of  their  life  In  arthropod  hosts  such  as  ticks,  mites,  fleas,  or  lice. 
They  all  affect  man  in  a  similar  fashion  with  hematogenous  spread  and  Infec¬ 
tion  of  vascular  endothelliai  producing  increased  vascular  permeability  and 
vasculitis  In  multiple  organ  systems.  These  rlckettsiae  include  the  etlologlc 
agents  of  diseases  that  have  been  documented  as  major  military  health 
problems.  Rickettsia  prowazekll  has  affected  the  outcome  of  numerous  military 
campaigns  for  centuries.  R.  tsiitsuqamushi  was  a  severe  problem  In  Asia  and 
the  western  Pacific  theaters  during  World  War  II  and  Infected  soldiers  In  the 
Viet  Nam  War.  These  rlckettsiae  have  continued  to  attra:t  research  support. 
Although  R.  conorli  has  received  far  less  attention.  It  too  has  been  docu- 
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merited  as  an  Important  cause  of  Illness  among  troops  In  South  Africa.  R. 
conorll  Is  a  member  of  the  spotted  fever  group  of  rlckettslae  along  wltFT other 
human  pathogens  including  Jl.  rlckettsll  (Rocky  Mountain  spotted  fever),  £. 
akarl  (rickettsialpox),  R.  stblHca  (North  Aslan  tick  typhus),  and  R. 
australis  (Queensland  tlclc  typhus).  Isolates  of  spotted  fever  group" 
Hckettslae  from  the  Mediterranean  basin,  where  the  disease  Is  known  as 
bcutonneuse  fever.  East  Africa  (Kenya  tick  typhus).  South  Afrlra  (South 
African  tick  typhus),  and  the  Indian  subcontinent  (Indian  tick  typhus),  were 
all  shown  to  be  members  of  the  same  species,  R.  conorli,  by  the  mouse  toxin 
neutralization  test.  Data  presented  by  Myers  and  Wlsseman  on  DMA  hybridiza¬ 
tions  among  the  spotted  fever  group  rlckettslae  have  documented  close  rela¬ 
tionships  among  various  strains  of  R.  conorl  1  Including  rlckettslae  associated 
with  the  severe  disease  occurring  In  Israel  and  .  rlckettsll.  Many  of  these 
hybridizations  were  In  the  range  of  90-10OT  homoYogy. 

Infection  of  man  with  various  strains  of  R.  conorll  occurs  In  a  wide¬ 
spread  geographic  distribution  In  the  Old  World  with  wel  1  -documented  disease 
In  the  Mediterranean  basin,  Africa,  and  the  Middle  East  from  Israel  to  India. 
In  the  Mediterranean  basin,  the  disease  Is  endemic  In  Portugal,  Spain, 
southern  France,  Italy,  Greece,  Romania,  Turkey,  Morocco,  Algeria,  Tunisia, 
Libya,,  and  Egypt  as  well  as  In  the  margins  of  the  81ack  Sea  and  the  Caspian 
basin.  More  recently  It  has  been  reported  from  South  Africa,  Kenya,  India, 
Pakistan,  Togo,  Ethiopia,  Cameroun,  and  Israel. 

In  the  majority  of  the  areas  where  the  disease  Is  endemic,  it  occurs  as 
sporadic  cases  during  the  summer  months  with  little  variation  In  the  annual 
numbers  of  cases  reported.  Scafldl  notes  that  there  were  107  cases  In  Israel 
In  1974,  around  30  annual  cases  In  Tunisia  from  1961-1975,  and  20  annual  cases 
In  Marseille  from  1925-1930.  He  and  Bourgeade  et  al .  however,  point  out  that 
these  numbers  do  not  reflect  the  reality  since  the  great  majority  of  patlerts 
are  treated  at  home  and  are  not  reported.  This  Is  also  an  explanation  for  the 
scarcity  of  Information  about  the  prevalence  of  the  disease. 

The  low  endemlclty  that  prevails  In  the  majority  of  the  affected  areas 
has  changed  significantly  In  Italy  where,  since  1975,  there  was  a  sharp 
Increase  In  the  Incidence  of  the  disease.  Indeed,  from  an  average  of  less 
than  10  cases  per  year  up  to  1972  the  number  of  cases  In  Sicily  Increased 
progressively  to  reach  219  cases  In  1979.  Similar  Increases  were  observed  In 
other  regions  of  Italy  as  Liguria,  Sardinia,  and  Lazzlo;  In  this  last  men¬ 
tioned  region  that  includes  the  city  of  Rome,  there  were  369  cases  reported  In 
1979  .  Besides  In  Rome,  the  disease  has  also  been  reported  In  suburban  and 
urban  Marseille,  and  there  are  data  that  It  Is  also  Increasing  In  Spain  and 
Portugal.  A  large  number  of  reports  of  boutonneuse  fever  have  been  published 
recently  In  Spain.  Many  cases  are  seen  In  southern  France  around  Marseille 
every  year. 

The  causes  for  such  a  rapid  Increase  In  the  Incidence  of  boutonneuse 
fever  In  Italy  are  not  apparent.  The  Italians  have  suggested  several  possible 
explanations:  lj  Increase  In  the  vector  tick  population,  2)  introduction  of 
new  vectors,  and  3)  changes  In  the  ecosystem.  There  have  been  some  very 
Interesting  observations  on  the  Isle  of  Ustlca  where,  after  the  recent  intro¬ 
duction  of  wild  rabbits,  there  was  an  explosive  proliferation  of  tiya 1 omma 
excavatum.  a  tick  that  had  rarely  been  found  In  the  Island  previously.  Gllot, 
et  a  I  also  mention  the  possibility  of  adaptation  of  certain  species  of  ticks, 
parasites  of  wild  animals,  to  human  dwellings  and  the  potential  consequences 
of  the  transmission  of  boutonneuse  fever. 

What  Is  happening  In  Italy,  France  and  Spain  may  occur  In  other  regions. 
Weyer,  reviewing  the  subject  of  rlckettsloses  In  1978,  said,  ‘Despite  the 
great  successes  In  control,  none  of  the  rickettsloses  pathogenic  for  man  have 


been  eradicated.  Therefore,  It  Is  necessary  to  preserve  the  knowledge  about 
these  once  devastating  and  Important  diseases  because  the  present  situation 
could  change  suddenly." 

Indeed,  recent  data  have  demonstrated  that  several  different  species  of 
ticks  harbor  R.  conorll  not  only  In  the  known  endemic  areas  but  also  In 
regions  where  the  human  disease  Is  not  recognized  Including  Pakistan,  Armenia, 
Thailand,  areas  of  France,  Czechoslovakia,  Austria,  and  Germany. 

Boutonneuse  fever  Is  transmitted  to  man  from  ticks,  most  frequently  by 
Rhlplcephal us  sanguineus.  Infected  ticks  transmit  the  disease  through  their 
Infected  salivary  secretions  during  the  bite;  exceptionally  the  agents  may 
Invade  the  human  host  from  infectious  tick  material  through  abrasions  in  the 
skin  or  through  the  conjunctlvae.  There  are  references  that  report  the 
disease  being  acquired  by  persons  who  rubbed  their  eyes  after  deticking  dogs 
and.  In  fact,  the  principal  Investigator  has  observed  just  such  a  case.  The 
agent  appears  Innocuous  to  the  tick  which  also  serves  as  -eservolr  for  R. 
conorll  which  Is  transmitted  transovarlally  In  ticks.  Small  wild  mammars  are 
the  source  of  blood  meals  for  Immature  forms  of  R.  sanqul neus.  Dogs,  and  on 
occasion  man,  are  the  source  of  blood  meals  for  the  adult  stage.  The 
following  species  of  ticks,  besides  the  comon  vector  Rhlplcephal  us  sanguineus 
have  been  reported  to  harbor  R.  conorl  1 ;  Ixodes  rlclnus,  ft.  hexagonus. 
Dermacentor  marginatus,  and  D.  reticulatus  In  France;  Haemaphysal  fs  leachll. 
Amblyomma  hebraeum,  Rhlplcephal us  appendlculatus.  R.  evertsi ,  and  Hya 1 omma 
marginatus  rufl'peHes  in  South  Africa;  Amblyomma  varlegatum  and  Hyalomma 
al bl paramatum  In  Kenya;  Ixodes  granulates  In  Malaysia;  Rhlplcephal us  slmus, 
Amblyomma  varl egatum,  A.  cohaerens,  and  X  genria  in  Ethiopia;  and 
Rhi pi cepha 1  us  bursa .  Hyalonma  marginatum,  hI  lusitanicum,  and  Haemaphysal Is 
punctata  in  Sicily.  Moreover,  serological  tests  in  wild  and  domestic  animal s 
have  shown  that  antibodies  against  R.  conorll  are  present  In  several  species 
In  many  regions,  some  of  them  far  away  from  the  known  endemic  areas.  In 
Sicily,  20%  of  dogs  harbor  R.  sanguineus  and  29-71%  of  them  have  antibodies  to 
R.  conorll  identified  by  1  rvcR rect  lomunof  1  uorescence  assay.  Serologic  tests 
TTave  identified  antibodies  against  R.  conorll  in  large  numbers  of  healthy 
persons:  In  Africa,  13%  of  sera  contained  antibodies  In  an  Investigation  In 
Cameroun  and  similar  results  were  reported  from  Niger,  Zaire  ard  Central 
African  Republic;  In  Greece  16%  of  560  sera  from  healty  persons  were  positive; 
data  from  France  Indicate  that  positive  serology  in  healthy  persons  has  been 
observed  In  Caen,  Nantes,  and  Lyon.  In  one  endemic  area  of  Sicily  19 .3%  of 
healthy  subjects  had  positive  Immunofluorescence  assay  for  antl-R.  conori  1 
antibodies.  Not  all  of  these  studies  employed  the  same  serological  tests,  and 
there  Is  variation  In  specificity  among  different  tests.  Some,  however,  used 
specific  Immunofluorescence  techniques. 

All  the  data  above  presented  confirm  the  suggestion  of  Weyer  that  the 
stage  Is  set  for  an  Increase  In  the  frequency  of  boutonneuse  fever  and  that 
this  may  occur  In  many  different  areas  of  the  world. 

Recently  there  have  been  reports  of  cases  of  boutonneuse  fever  In  German 
and  Swiss  tourists  <4io  had  returned  from  endemic  areas  and  even  of  cases  In 
American  tourists  returning  from  Africa.  Interestingly,  a  tick  was  found  on 
one  of  these  patients  that  might.  If  circumstances  had  been  favorable,  have 
become  established  In  an  American  ecological  niche.  Cases  havr  also  been 
reported  in  persons  living  In  Paris  and  other  parts  of  Europe  that  are  not 
near  the  Mediterranean  Sea. 

Human  Illness  caused  by  R.  conorll  Infection  Is  usually  an  Incapacitating 
febrile  exanthem.  Death  has  been  reported  more  frequently  In  recent  years, 
and  some  strains  of  conorl 1  possess  the  capability  of  producing  severe 
disease  requiring  hosplta l Izatlon  and  critical  medical  and  nursing  care.  The 
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disease  usually  resolves  spontaneously  In  one  or  two  weeks,  tills  period  being 
reduced  by  appropriate  antibiotic  therapy  which  may  be  given  at  home.  It  Is 
necessary  to  emphasize  that  even  when  mild  the  Illness  Is  Incapacitating  and 
In  a  minority  cf  cases  cat.  be  severe  or  even  fatal;  Moreover,  in  certain 
regions,  as  apparently  Is  the  case  In  Israel,  South  Africa,  France,  and  Spain, 
It  can  assume  a  more  severe  course  similar  to  the  picture  of  Rocky  Mountain 
spotted  fever.  Severe  disease  has  been  associated  with  G6P0  deficiency, 
alcoholism,  older  age,  ana  diabetes.  Men  are  slightly  more  frequently 
affected  than  females,  and  the  disease  occurs  at  all  ages  being,  however, 
unco*. ton  In  the  very  young  and  very  old.  Most  of  the  patients  repot t  contact 
with  dogs,  ticks,  or  recent  visit  to  endemic  nreas;  others  are  fanners  or 
hunters.  The  Incubation  period  varies  from  7  to  14  days,  but  can  be  as  short 
as  4  or  as  long  as  2.'  days.  In  the  majority  of  the  cases  the  patient 
remembers  being  bitten  by  a  tick  and  from  331  to  929  cf  them  have  an  eschar 
(tache  noire)  at  the  site  of  the  tick  bite.  Lest  frequently  they  have  acute 
unilateral  conjunctl vltls. 

The  disease  begins  with  sudden  Increase  In  temperature  to  levels  as  high 
as  40®C;  at  the  same  time  the  patients  complain  of  joint  and  muscle  pain  and 
violent,  persistent  headache  that  is  frequent 1  '  retroorbltal.  There  Is  also 
congestion  of  the  conjunctivae  and  mild  lymphaaenopathy.  These  manifestations 
coincide  with  the  appearance  of  the  eschar.  Four  to  five  days  after  the 
beginning  of  the  fever  the  typical  rash  appears;  It  is  first  observed  on  the 
limbs  but  rapidly  expands  to  trunk  and  face  with  palms  and  soles  also  being 
Involved.  In  some  cases  even  the  oral  mucosa  presents  an  exanthem.  In  the 
beginning  the  rash  appears  as  erythematous  macules  that  rapidly  change  to  a 
macul  opapular  pattern  and  eventually  become  nodular  or  button-like,  as  the 
name  describes.  The  early  lesions  are  light  pink,  but  some  of  the  older  ones 
may  become  darker  or  hemorrhagic.  The  rash  occurs  in  successive  bouts  so  that 
lesions  In  different  phases  may  be  observed  side  by  side. 

Fever  persists  for  7-14  days,  and  during  this  period  *6%  of  the  patients 
develop  splenomegaly,  20%  hepatomegaly,  and  some  patients,  signs  of  pulmonary 
congestion.  Diarrhea,  constipation  and  vomiting  may  also  occur.  Neurological 
signs  of  meningeal  Irritation  as  nuchal  rigidity  or  Kemlg’s  sign  as  well  as 
obtundation  and  even  coma  can  be  observed  In  a  minority  of  the  cases.  These 
more  severe  manifestations  occur  mainly  In  older  or  debilitated  persons;  they 
are  exceptional  In  children.  Recovery  is  unevertful  without  any  saquelae. 
Mortality  Is  low.  In  a  few  cases,  however,  complications  occur;  they  are  rare 
and,  as  stated,  tend  tn  occur  In  older  debilitated  persons.  Scafldl  et  al 
describe  cases  of  hypirtoxlc,  “dermatotlfosa"  and  hanorrhaglc  disease,  the 
last  form  being  associated  with  severe  gastrointestinal  or  genital  bleeding. 
Fatal  gastrointestinal  hemorrhage  with  rl'  ettsial  vascul itls  of  the  stomach 
has  been  described.  Scafidl  et  aj_  describe  cases  with  atrial  fibrillation, 
myocardial  Ischemia,  and  reniT  complications.  A  series  of  French  publications 
describe  "atyplcx1  rlckettslosls"  with  pericarditis,  p’eurltls,  and 
pneumonitis.  7>-ie  ^f  the  cases,  however,  did  not  present  with  eschars  and  the 
final  diagnosis  was  made  by  positive  microagglutination  tests  according  to  the 
method  of  Glroud,  thus  raising  doubts  concerning  the  diagnosis.  In  Israel, 
he  ver,  there  have  been  some  very  Interesting  cases  of  tick-borne 
rlckettslosls  with  severe  renal  insufficiency  requiring  dialysis;  In  these 
cases,  there  are  questions  about  tne  exact  classification  of  the  etiologic 
agent  that  did  not  conform  exactly  with  the  antigenic  stn  cture  of  R.  conoril. 
More  recently  severe  and  fatal  cases  have  been  described  in  South  Africa, 

Spain,  and  France. 

The  clinical  feature  that  Is  most  significant  diagnostically  In  R. 
conori 1  Infection  is  the  tache  no’-e  which  develops  at  the  site  of  tlckbite  in 


approximately  50%  of  cases.  The  tacne  noire.  or  black  spot,  it  a  zoo#  of 
dermal  and  tpldarmal  necrosis  which  may  appear  prior  to  onset  of  favor  and 
rash.  Conor  and  Burch  did  not  describe  eschar  In  the  original  raport  of 
human  R.  conoHl  Infaction  In  1910.  Tacht  noire  It  a  french  tar*  and  was 
Introduced^  1925  by  Plerl  to  refer  to  the  tlcxblteislt#  atchar  In 
boutonneuse  favor.  Thereafter,  tha  tarn  tune  nolra  teems  to  havt  baan  utad 
continuously.  Sin'.  1  ar  ate  tun  art  frequently  observed  In  scrub  typhus  (R. 
tsutsugamushl).  North  Asian  tick  typhus  (R.  slblrlcaj.  rickettsialpox,  (ff. 

),  and  ^uaensland  tick  typhus  (A.  austraTTIT  Eschars  art  rarely 
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obtarvad  In  Rocky  Mountain  spotted  favor  and  do  not  occur  In  typhus  tavar  and 
nurlnc  typhus.  Thus,  tschan  ara  soar,  only  In  rlckntttlosas  transnlttad  by 
Inoculation  of  Infactad  salivary  sacratlont  by  ticks  land  nltas  and  ara  not 
obtarvad  In  rlckattslosas  transnlttad  by  scratching  rlckettsla-contalntng 
jousa  or  flaa  faces  Into  tha  skin.  Patients  «ho  develop  boutonneuse  fovar 
aftar  accidental  Introduction  of  Infected  ties  constituents  Into  tha 
conjunctiva  do  not  have  aschars,  but  manifest  conjunctivitis  at  tha  portal  of 
entry. 

Our  laboratory  has  described  tha  clinical  features,  brlghtfleld  micro¬ 
scopic  pathology,  and  distribution  of  R.  rlctettsH  In  eschars  which  occurred 
in  two  fatal  cases  of  Rocky  Hcuntaln  spotted  fever  examined  at  autopsy.  These 
aschars  consisted  of  a  8  x  10  am  oval  region  of  necrotic  apldenals  and  under¬ 
lying  dermis.  Tha  necrotic  zona  was  surrounded  by  a  zone  of  blood  vassals 
that  were  Injured  with  extensive  thrombosis  and  Intramural  and  perivascular 
mononuclear  Inflammatory  cells.  Imnunohlstochenl cal  examination  revealed  very 
large  quantities  of  R.  rlckcttsll  In  the  endothelium  and  oscular  wall  of 
these  blocd  vessels.-  | 

There  is  soma  degree  of  co».;.  zversy  about  the  role  -,f  constituents  of 
tick  salivary  secretions  such  as  enzymes  associated  with  tlcfcblte  In  the 
pathogenesis  of  the  tache  noire.  Experimental  studies  suggest  that  the  dose 
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Inoculation  of  a  large  drs*  of  R.  rlckettsll.  a  generally  nonescharogenlc 
•*lrfcetts1a.  Into  human  s'.ln  by  syringe  and  ne~1le  produces  eschars.  Inocula¬ 
tion  of  R.  conorll  Into  the  skin  of  syphilitic  subjects  as  pyrotherapy  pro¬ 
duced  t aches  no Ires  proportional  to  the  quantity  of  rlckettslae  Injectad. 

E/en  nonescharogenlc  (U  mooserl  produces  eschars  In  the  skin  of  guinea  pigs 
injected  Intradermal  1y  by  syringe  and  needle  with  a  larr-  dose  of  rlckettslae. 
Not  all  monkeys  inoculated  with  R.  tsutsuqamushl  develc  an  eschar  at  the 
Injection  site;  some  develop  only"  yapulas  whtrh  do  not  ui.ua.  90  apldermal 
necrosis  and  ulceration.  Rabbits  Inoculated  Intracutaneously  with  a  high  dose 
of  R*  slblrlca  developed  an  eschar;  rabbits  inoculated  with  1%  of  the  escharo- 
genTclfose  developed  only  cutaneous  erythema  without  necrosis  or  formation  of 
a  dark  crust.  Thus,  the  tache  noire  appears  to  be  art  accessible  lesion  that 
contains  the  pathogenic  mechanisms  of  R.  conorl 1  and  the  lamune  and  Inflam¬ 
matory  mechanisms  of  the  host  that  l#a3  to  heaTlng. 

Hypothetical  rickettsial  pathogenic  mechanisms  Include  both  those  that 
are  Host-mediated  and  rlckettsla-medlated.  Host-mediated  mechanisms  of  Injury 
which  have  been  oroposed  Include  lamunopathol ogy,  blood  coagulation,  and 
Inflammation.  Rlckettsla-madlated  mechanisms  night  Include  endotoxin,  txo- 
toxln,  enzymes  that  destroy  host  components,  metabolic  competition  for  the 
host's  Intracellular  substrates,  ATR  parasitism,  andihost  cell  meiabrane  Injury 
on  rickettsial  penetration  Into  and/or  relaas#  fromithe  target  cell. 

Experimental  evidence  Indicates  that  host-mediated  pathogenic  mechanisms 
such  as  lamunopathol  ogy,  Shwartznan  phenomenon- 1 1ke  blood  coagulation,  and 
Inflammation  are  not  the  primacy  mechanisms  of  injury  In  u.  :t1on  by  R. 
rlckettsll.  Localized  affects  of  kalllkreln  are  probably  events  secondary  to 


14 


the  pH mry  pathogenic  mechanises).  Occlusive  vascular  thrombosis  Is  Infre¬ 
quent  end  has  not  been  demonstrated  as  a  primary  pathogenic  mechanism. 

Among  the  hypothetical  rlcfcettsla-medlated  mechanisms  of  Injury, 
currently  no  toxin  of  R.  Hckettsll  has  been  Identified,  and  there  Is  evidence 
against  the  existence  of  a  toxin  as  an  Important  pathogenic  mechanism.  The 
confusion  regarding  this  hypothesis  has  originated  In  the  so-cal led  mouse 
toxin  phenomenon  and  In  erroneous  analogies  drawn  between  endotoxin  and 
rlckettslae.  house  toxicity  depends  on  viable,  metabol leal  1  v  active 
rlckettslae  and  Is  prevented  by  heating  (60*C  for  ?0  minutes),  exposure  to 
dilute  formelln,  rickettsial  starvation,  ultraviolet  Irradiation,  soeclflc 
anti-rickettsial  antiserum  neutralization,  and  a  beta-lipoprotein  present  In 
some  normal  human  sera.  The  pathogenesis  of  this  phenomenon  may  be  related  to 
the  pathophysiology  of  the  rlckettsla-host  cell  Interaction,  e.g.,  massive 
rickettsial  penetration  of  endothelium.  Rickettsiae  of  both  the  typhus  and 
spotted  fever  groups  have  been  shown  to  contain  1 1popolysaccharldes.  However, 
the  endotoxin  activity  In  bioassays  Including  the  Shwartzman  phenomenon  and 
Llmulus  assay  was  considerably  less  then  that  of  potent  bacterial  endotoxins. 
Moreover,  study  of  the  adrenal  In  fatal  RMSF  has  not  demonstrated  the  patholo¬ 
gic  lesions  expected  of  endotoxin-mediated  pathogenesis.  Further  evidence 
against  the  hypothesis  of  rickettsial  toxin  has  been  demonstrated  In  the 
p<“iue  model.  Thus,  the  evidence  for  a  rickettsial  toxin  of  pathogenic  Impor¬ 
tant  a  Is  quite  meager. 

The  plague  model  has  been  established  as  a  useful  tool  for  Investigation 
ef  pa  hogenlc  mechanisms  of  cell  Injury  by  R.  rlckettsH.  Inoculation  of 
confluvit  monolayers  of  primary  chick  «m6ryo" cel  1  s  derived  from  12-dey  old 
specific  pathogen-free,  antibiotic-free,  embryonatad  hen's  eggs  with  a  defined 
quantity  <.♦  R.  rlckettsH  results  In  .  predictable  course  of  Infection  and 
pathologic  alteration*  In  vitro.  Eerh  Infectious  unit  under  agarose  overlay 
produces  contiguous  centrifugal  spread  of  Intracellular  Infection  and  Injury 
to  the  host  cell  monolayer.  This  model  produces  a  grossly  visible  plaque  on 
day  5  after  Inoculation  when  a  second  overlay  of  agarose-*  ontalnlng  the 
supravital  dye  neutral  red  Is  added.  The  plaque  provide  a  temporal  and 
spatial  cross-section  of  the  rlckettsla-host  cell  Interaction  Including 
rickettsial  penetration,  proliferation  and  release,  and  host  cell 
cytopetho logic  alterations  and  necrosis.  Morphometric  analysis  of  the  plaque 
and  surrounding  Infected  and  uninfected  cells  has  been  performed  maintaining 
the  topographic  relationships  of  the  cells  as  a  monolayer.  The  results  htv* 
shown  the  assocletlon  of  Intensity  of  Infection  and  cytopathology  at  the 
microscopic  and  ultrastructural  levels.  There  Is  a  statistical  ly  highly 
significant  relationship  between  the  Intensity  of  Infection  as  measured  by  the 
quantity  of  Intracel  lul ar  rlckettslae  and  the  presence  of  cellular  Injury  as 
judged  by  cytopathology  and  necrosis.  This  relationship  Is  valid  Indepen¬ 
dently  of  the  apparent  duration  of  Infection,  That  Is  to  say,  more  heavily 
parasitized  host  cells  are  more  likely  to  exhibit  pathologic  alterations,  even 
If  they  are  located  at  the  margin  of  the  plaque,  than  those  cells  which 
contain  fewer  rlckettslae  and  are  nearer  to  the  center  of  the  plaque.  This 
study  also  confirms  the  observation  of  Silverman  and  Mlsseman  that  the  typical 
cytopathol ogle  change  In  chick  embryo  eel  Is  Infected  with  R.  rlckettsH  Is 
distinct  dilation  of  the  clstemae  of  endoplasmic  retlculiie.  ""TfiTs 
ultrastructural  finding  Is  characteristic  of  the  response  of  an  Injured  cell 
to  the  Influx  of  water.  The  utilization  of  the  tichnlque  of  maintaining  the 
topoqraphy  of  the  monolayer  Intact  enaoled  us  to  determine  that  the  unlnf'-.ted 
cel  Is  of  the  monolayer  even  within  1  mm  of  the  Intensely  Infected  marginal 
zone  of  the  plaque  were  normal  by  ultrastructural  and  supravital  dye  staining 
criteria  even  though  they  were  exposed  to  the  same  milieu  of  txtrec*! lular 
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nutritional  factors,  nonspecific  toxic  products  of  metabol  1m  and  substances 
released  frea  Injured  cells,  and  senescence  of  cultured  cells.  Thus,  the 
plaque  model,  which  has  a  O^S  agarose  overlay  that  prevents  rapid,  distant 
spread  of  rlckettslae  and  yet  allows  for  diffusion  of  aacromolecules,  demon¬ 
strated  that  cell  Injury  was  limited  to  the  more  heavily  parasitized  cells  and 
that  there  was  no  toxic  effect  on  uninfected  cells,  even  those  Imnedlately 
adjacent.  This  Is  strong  evidence  that  R.  rlcfcettsl 1  does  not  elaborate  an 
extracellular  toxin  which  affects  chick  "embryo  cel  Is.  Further  studies  In  our 
laboratory  have  extended  this  observation  and  conclusion  to  Vero  cells  which 
are  of  primate  origin  and  to  human  uablllcal  vein  endothelial  cells. 

Another  strong  Indication  that  R.  rlckettsll  does  not  produce  an  Impor¬ 
tant  toxin  resulted  from  observations  utl II zing  parabiotic  chambers. 

Specially  designed  flasks  contained  coversllps  with  monolayers  of  cells  with 
fluid  overlay  In  separate  chambers  which  were  separated  by  an  0.22  urn 
mllllpore  filter.  R.  rlckettsll  was  Inoculated  Into  one  chamber  of  several 
flasks;  other  control  flasks  were  observed  without  rlckettslae  In  either 
chamber.  Inoculated  monolayers  developed  cytopethlc  effect  associated  wltn 
heavy  rickettsial  Infection.  On  the  other  hand,  the  cells  In  the  opposite 
chamber  remained  viable  with  the  same  appearance  as  monolayers  of  unmanipu¬ 
lated  parabiotic  chambers.  No  toxic  macromolecules  Injured  the  side  of  the 
chamber  which  was  protected  from  rickettsial  Infection  by  the  0.22  urn  filter. 
The  filter  offered  no  barrier  to  the  free  passage  of  molecules  between  the 
Infected  and  uninfected  chambers.  Thus,  In  an  experimental  system  In  which 
rlckettslae  Injured  Infected  host  cells,  we  demonstrated  no  effect  of  putative 
toxin,  which  would  have  been  In  equal  concentration  In  the  extracellular  fluid 
of  both  chambers  If  It  were  present. 

Examination  of  the  hypothesis  of  competition  for  metabolic  substrates 
has  also  failed  to  produce  evidence  to  support  it  as  a  pathogenic  mechanlM 
In  plaque  "todel  experiments  with  supplemental  glutamate  and  glutamine. 
Although  rlckettslae  are  capable  of  generating  ATP  for  penetration  of  host 
cells  by  oxidation  of  glutamate,  exogenous  ATP  from  the  host  cell  Is 
utilized  for  biosynthesis  of  proteins  and  lipids  by  rlckettslae.  This 
energy  parasItlM  Is  mediated  by  an  efficient  rickettsial  ATP/ADP  transport 
system.  No  experiment  has  yet  been  designed  and  executed  to  test  the  hypo¬ 
thesis  of  energy  parasItlM  as  a  pathogenic  mechanism. 

Experiments  reported  principally  by  Winkler  and  co-workers  suggest  that 
rickettsial  penetration-associated  phospholipase  activity  Injures  the  host 
cell  membrane.  The  work  of  Winkler  and  associates  on  hemolysis  by  viable  R. 
prowazekll  has  led  to  an  understanding  of  the  rlckettsla-host  cell  membrane 
interact 1 on  which  probably  forms  the  basis  of  penetration  and  a  mechanism  of 
cell  Injury.  Rickettsial  hemolysis  may  be  divided  Into  two  steps, 
adsorption  and  lysis.  Hemolysis  Is  Inhibited  by  cyanide  (1  mM  KCN,  an 
Inhibitor  of  the  electron  transport  system),  low  temperature  (0*C),  and 
starvation  of  R.  prowazek 1 1  for  glutamate.  Ghosts  of  erythrocytes  exposed 
to  Amphotericin  B  or  digftonln,  compounds  which  bind  to  the  cholesterol - 
containing  receptor  sites  In  the  erythrocytic  membrane,  are  no  longer  able 
to  adsorb  rlckettslae.  Adsorption  and  hemolysis  are  Inhibited  by  adenine 
nucleotides,  AOP,  ATP,  arsenlte,  irfilch  Is  a  Krebs  cycle  Inhibitor,  and  2,4- 
dlnltrophenol  and  m-chloro-phenvlhydrazone,  which  are  oxidative 
phosphorylation  yncouplers.  When  rlckettslae  are  unable  to  generate  ATP  by 
metabolism  of  glutamate  because  of  cyanide  or  arsenlte  Inhibition,  added  ATP 
restores  hemolytic  activity  of  the  rlckettslae.  ATP,  however,  does  not 
restore  hemolytic  activity  Inhibited  by  uncouplers.  Fluoride  (10  mfl  NaF) 
prevents  hemolysis  by  Inhibition  of  erythrocytic  glycolysis  without 
affecting  adsorption  or  rickettsial  metabolism  Recently,  rickettsial 
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hemolysis  Ms  been  shown  to  6*  associated  with  phosphol  Ipase  A  activity, 
which  resulted  In  hydrolysis  of  fatty  acids  fro*  the  glycerophosphollplds  of 
the  red  blood  cell  membrane.  Inhibition  of  either  adsorption  or  lysis  also 
prevented  the  release  of  free  fatty  acids. 

Penetration  by  rlckettslae  has  many  correlates  with  rickettsial 
hemolysis.  Inactivation  of  R.  tsutsugamushl  by  heat  (56*C  for  5  minutes), 
exposure  to  ultraviolet  Irradiation,  or  Incubation  with  0.1%  formalin  pre¬ 
vents  penetration  Into  host  cells.  Penetration  of  I.  cells  by  R.  prowazekll 
comprises  two  steps,  adherence  and  Internalization,  and  requires  active 
participation  by  both  the  rlckettsla  and  the  host  cell.  Treatment  of 
rlckettslae  with  ultraviolet  Irradiation,  3%  formaldehyde,  or  1  mh  KCK 
Inhibited  adherence  to  and  Internal Izatlon  Into  L  cells.  The  few  Inacti¬ 
vated  rlckettslae  found  associated  with  l  cells  were  mostly  adherent  rather 
than  Internalized.  Treatment  of  L  cells  with  KaF  (an  nhlbltor  of  metabo¬ 
lism),  N-ethylmalelmlde,  or  eytochalasln  8  Inhibited  Internalization  of 
rlckettslae.  Similar  studies  of  the  entry  of  R.  prowazekll  Into  endothelial 
cells  support  the  hypothesis  of  induced  phagocytosis.  Inoculatlo..  of  R. 
prowazekll  onto  L  cells  at  large  multiplicities  of  Infection  Induced  Imeme- 
olate  cytotoxicity.  This  cytotoxic  effect  was  associated  with  phospholipase, 
A  activity  and  hydrolysis  of  fatty  acids  from  host  cell  phospholipids. 
Cytotoxicity  and  phospholipase  were  Inhibited  In  a  parallel  manner  by  KCN, 
N-ethylmalelmlde,  NaF,  and  low  temperature. 

Further  studies  In  our  laboratory  of  pathogenic  mechanisms  In  the 
plaque  model  employed  chemical  agents,  which  have  a  sound  theoretical  basis 
of  Inhibiting  rickettsial  penetration  either  at  the  step  of  adsorption  of 
the>  rlckettsla  to  the  host  cel  1  (Amphotericin  8  and  dlgltonln)  or  at  the 
step  of  Internal Izatlon  associated  with  phospholipase  A  activity,  heve  been 
demonstrated  to  reduce  plaque  formation.  Amphotericin  B  and  dlgltonln  have 
been  reported  to  inhibit  the  attachment  of  R.  prowazekll  to  erythrocytic 
cell  membrenes  oy  binding  to  a  cholesterol 'receptor  In  the  membrane. 
Amphotericin  B  was  Introduced  In  concentrations  of  5  and  10  ug/ml  to  the 
overlay  after  the  establishment  of  Infected  foci  on  day  A  aftar  Inoculation 
of  R.  rlckettsll.  In  order  to  maintain  active  levels  of  this  drug  which  has 
a  decay  of  Wl  per  24  hours  at  37*C,  Amphotericin  8  was  replenished  In 
sequential  overlays  on  days  S  and  6.  On  day  6  Amphotericin  8  caused  plaque 
reduction  of  42-45%  at  both  concentrations.  Wore  plaques  appeared  on  day  7 
with  plaque  reduction  of  16-23%.  A  similar  experiment  with  dlgltonln  at  the 
same  concentrations  caused  similar  p.aque  reduction  (38-40%).  Plaque  reduc¬ 
tion  was  not  observed  or.  day  7.  When  the  levels  of  cholesterol  receptor¬ 
binding  drugs  are  maintained,  plaque  reduction  can  be  demonstrated.  This 
suggests  that  Inhibition  of  rickettsial  adsorption  delays  the  cytopathlc 
effect  of  R.  rlckettsll  In  primary  chick  embryo  cel  Is. 

Phenterlne  is  a  drug  which  has  been  shown  to  have  phospholipase  A- 
Inhibitory  activity.  A  dose  response  study  with  this  drug  was  performed  In 
the  plaque  model.  Plaque  reduction  was  demonstrated  at  all  doses  of  phen- 
temrlne:  69%  plaque  reduction  at  0.5  mg/ml;  54%  at  0.1  mg/ml;  25%  at  0.05 
mg/ml;  and  32%  at  0X1  mg/ml.  These  results  demonstrate  that  phentermlne 
reduces  the  cytopathlc  effect  of  R.  rlckettsl  1  and  sugg*At  that  phosphol  1- 
pcse  activity  may  be  a  pathogenlc'mechanlsm  for  R.  rlckettsll.  These  data 
extend  and  support  the  observations  of  Winkler  tfiat  phosphoTTpase  activity 
Is  associated  with  hemolysis  and  Imaedlate  cytotoxicity  of  a  large  Inoculum 
of  R.  prowazekll. 

~  Previous  reports  have  documented  that  R.  conorll  foras  distinct  plsnue* 
similar  to  those  of  A,  rlckettsll  In  the  plaque  model.  hcOade  et  #J_  pro¬ 
duced  distinct  plaques  with  jC  conorll  In  chick  eabryo  cells  wTEfi  a  first 
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overlay  of  medium  199  containing  5%  calf  Sanaa  and  0.5%  agarose  and  a  later 
second  overlay  of  medium  199,  no  calf  senaa,  0.5%  agarose,  and  0X1%  neutral 
red.  Mike  et  al.  studied  the  critical  variables  In  the  plaque  assay  systeai 
for  rlckettsTae  and  also  showed  that  R.  conorl 1  (Mallsh  strain)  produced 
distinct  plaques  In  the  standard  chief  embryo  monolayer  with  nutrient  over¬ 
lay  containing  agarose.  Thus,  the  plaque  model  offers  an  opportunity  to 
examine  quantitatively  and  predictably  the  pathogenic  mechanisms  of  R. 
conorl  1  In  an  |n  vitro  system  that  aay  be  Manipulated  experlMental  1y  to 
examine  hypotheses  such  as  phospholipase-mediated  Injury. 

Because  one  hypothetical  explanation  for  the  apparent  rarity  of  severe 
visceral  Involvement  In  BF  as  compared  with  RMSF  (encephalitis,  hepatitis, 
pneumonitis)  Is  lower  temperature  sensitivity  of  R.  conorl  1,  we  are  Inter¬ 
ested  In  the  effects  of  temperature  on  the  physloTogy  and  pathogenicity  of 
the  organism.  Oaks  and  Osterman  have  Investigated  the  effects  of  tempera¬ 
ture  on  the  optimal  growth  of  R.  conorl 1.  This  species  of  rlckettsla  has  an 
optimal  range  for  growth  In  gam-irradiated  l  cells  of  32-38*C  with 
inhibited  proliferation  at  40*C.  The  low  rate  of  proliferation  at  40*C 
might  explain  tne  minimal  visceral  Involvement  In  febrile  patients  whose 
body  core  temperature  Is  about  38*C  and  may  exceed  40*0.  An  unanswered 
question  Is  the  effect  of  temperature  on  the  pathogenic  mechanism  of  R. 
conorl 1. 


Approach  to  the  Problem 

Many  features  of  bouton neuse  fever  have  been  Investigated  to  a  far  less 
degree  than  typhus  fever  and  Rocky  Mountain  spotted  fever.  In  particular, 
pathogenic  mechanisms.  Immune  mechanisms  against  R.  conorl 1.  and  the  labora¬ 
tory  diagnosis  of  boutonneuse  fever  have  not  been-! n vest  1  gated  sufficiently. 
There  are  jdvantages  of  studying  human  cases,  animal  models,  and  cell  cul¬ 
ture  models  of  R.  conorl  1  Infection. 

The  local  1«d  lesion  at  the  site  of  the  tick  bite,  the  eschar  or  tache 
noire,  offers  an  excel  lent  opportunity  to  extend  our  knowledge  of  pathogenic 
mechanisms,  Imaune  mechanisms,  and  laboratory  diagnosis  of  BF  In  humans.  In 
contrast  to  typhus  and  Rocky  Mountain  spotted  fever  In  which  the  lesions, 
although  numerous  and  widespread,  are  extremely  fxal,  the  tache  noire  is 
sufficiently  large  and  contains  a  large  contiguous  network  of  severely 
Injured  blood  vessels  that  wll  1  allow  predictable  sampling  and  qualitative 
and  quantitative  analysis  of  rickettsial  Infxtlon,  host  cell  Injury,  and 
host  Inflammatory  and  lamune  cellular  response.  Thus,  although  the 
brlghtfleld  microscopic  lesions  are  better  described  In  typhus  fever,  Rocky 
Mountain  spotted  fever  and  scrub  typhus  than  in  boutonneuse  fever,  these 
reports  are  not  quantitative,  often  do  not  demonstrate  rlckettslae  with  the 
efficiency  and  specificity  of  Immjnohlstochewlcal  techniques,  and  do  not 
evaluate  the  ultrastructure  of  the  human  lesions.  Surgically  excised,  well- 
fixed  eschars  should  allow  these  studies  In  boutonneuse  fever. 

As  yet  no  significant  in  vivo  u It restructure!  study  of  the  human  host- 
rlckettslal  relationship  has  been  reported.  There  are  two  major  reasons: 

1)  the  Infection  In  human  skin  Is  extremely  fxal,  In  the  exact  center  of 
the  macu'iopapular  rash  of  RMSF  and  typhus  and,  thus,  Is  difficult  to  find  by 
electron  microscopy,  Z)  Intensely  Infxted  visceral  tissues  from  futal 
cases  of  RMSF  and  typhus  are  not  suitable  for  ultrastructure l  Investigation 
because  of  postmortem  autolysis  that  xcurs  prior  to  pe.  .  rmaxe  of  the 
necropsy.  Surgical  biopsy  of  the  tache  noire  of  8F  should  provldw  well- 
preserved  lesions  containing  Intense  R.  conorl  1  infxtlon  for  ultrastruc- 
tural  Investigation.  A  report  of  the~ul trastrvctural  aspects  of  an  eschar 
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In  Rocky  Mountain  spotted  fever  described  rlckettsiae  In  the  lesion. 
However,  the  published  electron  Micrographs  were  of  poor  quality,  and  no 
rlckettsiae  were  identifiable  In  them  Correspondence  with  the  authors 
directly  In  an  attempt  to  obtain  copies  of  the  original  electron  Micrographs 
or  the  EM  grids  for  examination  personally  has  not  been  answered. 

A  sample  of  the  tachc  noire  Is  col  lected  by  sterile  skin  biopsy 
technique  under  local  anesthesia  after  obtaining  the  patient's  Informed 
consent.  The  specimen  is  divided  Into  three  small  1  iwr  blocks  and  fixed 
for  electron  microscopy  by  ineerslon  In  cold  buffered  glutaraldehyde- 
formaldehyde  solution.  The  fixed  specimen  may  be  held  In  this  solution  for 
the  period  of  shipping  from  Italy  to  our  laboratory.  On  arrival  at  the 
Infectious  Pathogenesis  Laboratory  In  the  Department  of  Pathology  of  the 
University  of  North  Carolina,  the  specimen  will  be  postflxed  In  IS  osmium 
tetroxlde,  dehydrated  In  graded  alcohol  concentrations,  embedded  In  a  mix¬ 
ture  of  Epon  and  Araldlte,  ultrathln  sectioned  on  an  ultranrtcrotome,  and 
stained  with  uranyl  acetate  and  lead  citrate.  Sections  will  be  examined  on 
a  high  resolution  Zeiss  10  A  electron  microscope.  Other  transnrlssl  ,«n  elec¬ 
tron  microscopes  and  a  high  resolution  scanning  electron  microscope  are  also 
available  within  the  departmental  facilities  should  the  need  arise. 

The  remainder  of  the  specimen  Is  fixed  in  neutral  buffered-41 
formaldehyde  for  routine  histology,  histochemistry,  and  immunohlsto- 
chemtstry.  Fixed  tissue  will  be  embedded  In  paraffin  and  a  ribbon  of  serial 
sections  will  be  cut  at  4  um  thickness.  Adjacent  sections  will  be  mounted 
for  staining  by  hematoxylin-  eosln  (H  E)  for  routine  evaluation  of  patho¬ 
logic  lesions,  by  phosphotungstlc  acl d-hematoxyl 1 n  (PTAH)  for  fibrin 
thrombi,  by  Voerhoff-van  Gleson  technique  (VV)  for  evaluation  of  Integrity 
of  vascular  elastic  tissue,  by  modified  Brown-Hopps  (BH)  technique  for 
hlstochemlcal  demonstration  of  rlckettsiae,  and  by  Glemsa  technique  and 
methyl  green  pyronln  (MGP)  for  Identification  of  host  Immune  and  Inflam¬ 
matory  cells.  Among  these  stains,  PTAH  and  TV  yield  Mghly  sensitive 
results,  BH  demonstrates  Intracellular  rlckettsiae  but  vlth  less  sensi¬ 
tivity,  consistency,  and  specificity  than  Immunofluorescence,  and  Glemsa  and 
MGP  assist  In  Identification  of  eosinophils,  basophils,  neutrophils,  acti¬ 
vated  lymphocytes,  and  plasma  cells  but  leave  a  large  portion  of  unidenti¬ 
fied  mononuclear  lymphocytes. 

Adjacent  sections  from  the  ribbon  are  processed  for  lawunofluorescent 
demonstration  of  R.  conorl 1 .  Sections  are  affixed  onto  clean  glass  slides 
with  nonautofluorescent  LePage  Bond  Fast  Resin  Slue  to  prevent  them  from 
being  washed  off  the  slide  af*»r  digestion  with  trypsin.  Sections  affixed 
to  slides  with  glue  are  heated  In  an  oven  at  50*C  for  1  hour,  deparafflnlzed 
In  three  changes  of  xylene  for  10  minutes  each,  and  rehydrated  through 
serial  changes  of  ethanol  In  concentrations  of  1001,  951,  701,  501,  and  3F" 
and  finally  In  distilled  water.  Sections  are  then  Incubated  in  0.11  trypsin 
with  0.11  CaCK,  pH  7.8,  at  37*C  for  4  hours.  The  slides  are  washed 
thoroughly  in  distilled  water,  washed  for  30  minutes  In  phosphate-buffered 
saline,  and  reacted  with  the  specific  Inaaunofluorescent  system  for  R. 
conorl  1.  Me  have  used  antl-SFG  rickettsial  conjugate  in  the  dl recti mmuno- 
f 1 uorescence  system  and  Indirect  immunofluorescence  with  guinea  pig  Immune 
antl-R.  conorl  1  serum  followed  by  anti-guinea  pig  Immunoglobulin  conjugate 
to  demonstrate  structures  which  have  the  expected  vascular  location  and 
coccobacll  lary  morphology  of  rlckettsiae. 

An  animal  model  of  boutonneuse  f aver  Is  needed  for  examination  of 
lawunlty  Including  prospective  evaluation  of  new  vaccines,  for  Investigation 
of  £.*  conorl  1  pathogenic  mechanisms  and  pharmacologic  Intervention  with 
these  pathogenic  mechanisms  In  vivo,  ami  for  study  of  organ  systemic  patho- 


physiology  now  that  a  picture  of  the  visceral  lesions  Is  emerging  for 
boirtonneuse  fever.  The  distributions  of  lesions  and  ft.  Conor!  1  need  to  be 
determined  for  various  strains  of  jl.  conorll  In  mice, “guinea  pigs,  and  other 
species  of  mammals.  Studies  of  experimental  animals  In  our  laboratory  and 
others  have  shown  some  of  the  qualitative  ultra  structural  aspects  of  the 
rlckettsla-host  Interaction.  Our  ultrastructural  analysis  of  rickettsial 
Infections  demonstrated  R.  rickettsll  In  endothelium,  vascular  smooth 
muscle,  and  phagocytes  oT  Infected  guinea  pigs  In  three  Investigations: 
saline-hydration  prolonged  survival,  anti  lymphocyte  serum  Immunosuppression, 
and  tetracycl Ine -treated  rlckettsla  clearance. 

Further  studies  of  pathogenic  mechanisms  of  R.  conorll  are  performed  In 
the  plaque  model  which  we  have  exploited  In  Investigations  of  pathogenic 
mechanisms  of  R.  rickettsll.  Aliquots  of  R.  conorl 1  stock  are  thawed  and 
diluted  In  sucrose  phosphate  buffer  to  contain  Stio  plaque  forming  units 
(pfu)  per  ml.  Confluent  monolayers  of  Vero  cells  are  Inoculated  with  either 
0.1  ml  of  diluted  rickettsial  stock  containing  SO  pfu  of  R.  conorl  1  or 
uninfected  diluent.  Rickettsial  plaque  technique  Is  performed  according  to 
the  method  of  Wlke  and  Burgdorfer  and  Wlke  et  al.  After  30  minutes  for 
absorption  to  occur  and  penetration  to  oegln,  tKe  monolayer  Is  overlaid  with 
0.5%  and  agarose  In  minimum  essential  medium  with  5%  fetal  bovine  serum  and 
Incubated  at  35*C.  On  day  4  after  Inoculation*  4  ml  of  second  overlay  with 
1%  neutral  red  Is  added,  and  the  flasks  are  allowed  to  Incubate  In  the  dark 
at  35*C.  Flasks  are  examined  dally  for  plaques  afterwards  with  observations 
of  monolayers  by  Inverted  microscope  and  with  collection  of  specimens  for 
examination  by  Imnunof 1 uorescent  and  transmission  electron  microscopy. 

The  sides  of  the  25-sq  cm  Falcon  flasks  opposite  the  monolayers  are 
removed  by  cutting  the  plastic.  Agarose  gel  overlays  are  gently  removed  by 
separating  the  overlay  from  the  sides  of  the  flask  with  a  sharp  spatula  edge 
and  allowing  the  gel  to  detach  under  the  force  of  gravity.  Exposed  mono- 
layers  are  fixed  In  70%  ethanol  for  20  minutes  prior  to  direct  Immur.o- 
fluorescent  staining  for  R.  conorll  with  a  specific  antl-R.  conorll,  conju¬ 
gate.  After  Incubation  of  monolayers  with  conjugate  for  35  mi  nutes,  they 
are  washed  In  phosphate-buffered  saline  for  30  minutes,  washed  In  distilled 
water,  and  mounted  with  90%  glycerol  In  phosphate-buffered  saline  (pH  9)  and 
cover  glass.  Monolayers  are  examined  on  a  Lett*  Ortholux  ultraviolet  micro¬ 
scope  equipped  with  the  appropriate  barrier,  exciter,  and  edge  filters  for 
fluorescein  Isothiocyanate  fluorescence  microscopy. 

Monolayers  with  overlays  removed  as  described  for  Immunofluorescence 
are  fixed  by  coi  .Ting  the  cells  with  a  solution  of  buffered  2.5% 
glutaraldehyde  for  l  hour.  Cells  are  maintained  on  the  plastic  surface 
throughout  postfixation  In  osmium  tetroxlde,  dehydrated  through  a  graded 
series  of  ethanol  and  hydroxypropyl  methacrylate  solutions,  and  embedded  In 
Mollenhauer's  Epon-araldlte  No.  2  followed  by  oclynerlzatlon  In  an  oven  at 
37*-45*C  for  24  hours  and  then  60*C  overnight.  Embedded  monolayers  are 
separated  from  the  plastic  flasks.  At  this  point,  rickettsial  plaques  may 
be  observed  with  the  unaided  eye  as  distinct  clear  zones  surrounded  by  a 
grey-black  carpet  of  cells.  Plaques  and  adjacent  cells  are  cut  out  and 
r*eiid>edded  in  flat  molds  with  the  monolayer  perpendicular  to  the  plane  of 
sectioning.  Ultrathln  sections  are  cut  on  an  LK8  ultr;  microtome  using  a 
diamond  knife.  Observation  of  the  block  during  sectioning  reveals  the  exact 
relationship  of  the  section  to  the  plaque.  Sections  are  stained  with  lead 
citrate  and  uranyl  acetate  and  examined  on  a  Zeiss  10A  transmission  electron 
microscope. 

Plaque  size,  time  of  appearance  and  phase  contrast  morphology  are 
observed.  The  relationship  of  R.  conorll  to  plaques  Is  observed  by  Immuno- 


fluorescence  microscopy.  The  cytopathol ogy  of  Injured  cells  Is  described 
Including  state  of  rough  endoplasmic  reticulum,  mitochondria,  plasma  mem¬ 
brane,  and  nucleus.  For  each  plague  zone  (center,  margin,  and  periphery), 
the  quantity  of  R.  conorll  In  cytopathol  ogle  and  cytologlcal ly  normal  cells 
will  be  counted  and  subjected  to  statistical  analysis  for  association  or 
non-association  of  cytopathology  with  Intensity  of  Intracellular  infection. 
The  cytology  of  uninfected  cells  adjacent  to  the  plaque  will  be  examined. 

Plaque  model  studies  of  penetration-associated  pathogenic  mechanism 
employ  the  plaque  model.  Amphotericin  3  (S  and  10  ug/ml),  and  dlgltonlr.  (5 
and  10  ug/ml),  compounds  which  have  been  shown  to  bind  to  cholesterol  - 
containing  menfcrane  receptors,  to  block  attachment  of  £.  prowazekll  to 
erythrocyte  plasma  membrane  and  to  reduce  plaque  formation  by  ft.  rickettsll 
when  Incorporated  Into  the  agarose-nutrient  medium  overlay.  Tfie  second 
overlay  contains  the  same  concentration  of  the  chcl esterol -receptor  binding 
drug.  Plaques  are  enumerated  at  the  time  of  appearance  of  distinct  plaques 
In  untreated  plaque  assays  of  the  same  Inoculum  for  statistical  analysis. 

In  a  second  set  of  similar  experiments  Amphotericin  B  and  dlgltonln  are 
Introduced  only  In  the  second  overlay  on  day  4  after  Inoculation,  at  which 
time  Infected  foci  will  be  well  established.  Significant  plaque  reduction 
In  this  experiment  Indicates  blocking  of  a  pathogenic  mechanism,  not  just 
abortion  of  Initial  Infection. 

One  hypothesis  which  can  be  tested  In  the  plaque  model  Is  that  the 
paucity  of  signs  and  symptoms  pointing  to  visceral  Involvement  Is  due  to  a 
lower  threshold  of  temperature  sensitivity  of  R.  concH  1  The  Inability  to 
produce  pathogenic  effects  at  temperatures  greater  than  38“C  could  explain 
the  relative  lack  of  severity  of  BF  when  compared  with  RMSF  despite  the  91- 
94%  relatedness  of  the  etlologlc  agents.  The  plaqulng  efficiency  of  various 
strains  of  R.  conorll  and  R.  rickettsll  are  compared  at  32*C,  34’C,  36*C, 
38*C,  and  40*0  Variation  In  number  of  plaques  formed,  plaque  size  (area 
measured  morphometrically  by  computer  assisted  Image  analysis),  and  time  of 
onset  are  examined.  These  results  reflect  the  effect  of  temperature  on 
pathogenic  effects. 

The  hypothesis  of  secretion  of  a  potent  extracellular  toxin  by  R. 
conorll  can  be  examined  In  an  experlnw.Tc  utilizing  parabiotic  tissue  culture 
chambers.  Parabiotic  chambers  containing  cell  monolayers  are  separated  by  a 
filter  with  0.22  m  pcre  size.  This  f'lter  prevents  the  passage  of 
Hckettslae  from  oiv  chamber  to  the  adjacent  chamber,  but  allows  free 
passage  of  macromo.  *cules  such  as  metabolites,  putative  toxic  products,  or 
enzymes.  In  some  pairs  of  chambers,  one  chamber  Is  Inoculated  with  10 
plaque-forming  units  of  R.  conorll.  Other  pairs  of  chambers  are  maintained 
with  both  chambers  uninoculated  as  controls.  On  days  3,  5,  and  7  postinocu¬ 
lation,  trypan  blue  Is  added  to  selected  pairs  of  chambers,  and  selected 
chambers  are  examined  by  Innunofluorescence  for  R.  conorll.  The  degree  of 
cell  Injury  In  Infected  chambers,  un1nfected-r1c£tts1al  products  exposed 
chambers,  and  control  chambers  Is  evaluated  blindly  by  estimation  of  per¬ 
centage  of  cells  falling  to  exclude  trypan  blue.  Immunofluorescence  for  R. 
conorll  confirms  the  limitation  of  Infection  to  inoculated  chambers  and  ~ 
a  Mows  estimation  of  the  percentage  of  the  monolayer  that  Is  Infected. 

Results 

The  study  of  tachcs  nolres  from  patients  with  boutonneuse  fever  has 
been  performed  In  coTTaForatTon  with  physicians  at  the  University  of 
Palermo.  This  collaboration  has  proven  successful  with  opening  of  several 
avenues  for  the  continued  Investigation  of  the  pathology,  pathophysiology. 
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and  clinical  acoects  of  R.  conorll  Infection  In  humans.  The  collaborative 
relationships  with  Drs.  Mansueto,  Trlngall,  and  others  Is  a  valuable  and 
productive  resource  for  the  study  of  R.  conorll  and  bcutonneuse  fever.  They 
are  very  Interested  In  the  scientific  questions  related  to  the  tache  noire. 
boutonneuse  fever,  and  R.  conorll.  They  have  made  great  efforts  to  obtain 
clinical  material,  conduct  complete  clinical  patient  followup  and  convales¬ 
cent  laboratory  diagnosis  confirmation  and  to  establish  a  rlckettslology 
laboratory.  Ongoing  and  future  Investigations  of  pathogenetic  mechanisms, 
epidemiology,  pathophysiology,  diagnostic  methods  anc  possibly  preventive 
measures  are  mutually  achievable  goals.  Considerable  progress  has  been  made 
toward  these  goals.  The  clinical  and  professional  resources  available  In 
Sicily  are  valuable;  they  comprise  Interdependent  personal  and  scientific 
relationships  In  a  setting  which  offers  excellent  opportunities  for  comple¬ 
tion  of  designed  Investigations.  Ors.  Mansueto  and  Trlngall  have  a  strong 
commitment  to  these  studies,  and  they  command  an  Impressive  ability  to 
direct  their  staffs  and  follow  their  patients  in  the  classic  European  style 
that  brings  about  a  thorough  completed  study. 

During  the  past  year,  collaboration  with  the  clinical  group  of  Dr. 
Mansueto  and  the  rlckettslology-epl'demlology  group  of  Dr.  Trlngall  has 
achieved  seven  principal  Investigations  resulting  In  a  paper  presented  at 
the  American  Society  of  Rlckettslology  In  Laguna  Beach,  California,  In 
March,  1935;  a  manuscript  on  the  frequent  occurrence  and  cl Inlcopathologlc 
analysis  of  hepatic  lesions  in  boutonneuse  fever  which  has  been  submitted 
for  publication;  a  manuscript  on  cold  weather-season  cases  of  boutonneuse 
fever  with  the  collaboration  of  Or.  Raoult  of  Marseille  which  has  been 
submitted  for  publication;  a  manuscript  on  familial  cases  of  boutonneuse 
fever  which  has  been  submitted  for  publication;  a  manuscript  on  acute  phase 
reactants  in  boutonneuse  fever  which  has  been  submitted  for  publlca.lon;  and 
a  submitted  manuscript  on  the  analysis  of  the  distribution  of  ticks  Infected 
with  SFG  rlckettslae,  dogs  seropositive  for  R.  conorll  antibodies,  and  human 
cases  of  boutonneuse  fever  In  western  Sicily. 

The  ASR  paper  on  taches  noi res  traced  the  history  of  the  term  and 
presented  the  results  of  our  Investigations.  The  term  tache  noire,  meaning 
a  cutaneous  dark  spot  or  eschar,  was  Introduced  In  1925  by  Plerl  and  Bolnet 
In  France.  A  work  published  by  Plerl  In  1933  recounts  the  origin  of  the 
terminology  as  translated  from  the  French  publication:  “In  October  1925,  we 
reported  the  presence  of  an  eschar  that  was  called  the  tache  noire  by  Bolnet 
and  by  ourselves  and  which  represents,  In  our  opinion,  the  portal  of  Inocu¬ 
lation  of  the  illness.  The  characteristic  version  of  the  tache  noire  com¬ 
prises  a  black  necrotic  crust  surrounded  by  an  erythematous  ring?  The 
tache  noire  was  Illustrated  in  a  series  of  slides  of  boutonneuse  fever 
patl.’nts  at  the  ASR  meeting. 

Of  biopsies  of  lesions  compatible  with  tache  noi res  from  22  patients  In 
Sicily,  16  have  been  documented  as  BF,  1  was  shown  not  to  have  BF,  and  5 
have  Incomplete  data  at  present.  Evaluation  of  the  documented  cases  seml- 
quantltatlvely  for  presence  and  severity  of  specific  pathologic  features 
(Table  1)  yielded  the  fo1  lowing:  cutaneous  necrosis  was  present  in  10  of  15 
evaluatable  taches  nolres:  vascul 1 t 1 s  was  severe  or  moderate  in  all  16; 
thromoosls  was  severe  In  only  1,  moderate  In  only  1,  mild  In  4,  and  absent 
In  10;  dermal  edema  was  moderate  In  12,  and  mild  In  4.  The  predominant 
leukocytes  were  lymphocytes  and  macrophages ;  Immunofluorescent  Rickettsia 
conorll  were  demonstrated  In  12. 

These  results  Indicate  that  vascular  Injury  by  rickettslae  Is  the  major 
lesion  and  that  dermal  edema  Is  the  Important  result.  Thrombosis  was 
generally  absent  or  only  focal  and  mild.  Thus,  the  pathogenetic  sequence  Is 
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likely  to  be: 


Tick  bite 


Injection  of  Rickettsia  conorll  Into  dermis 


Local  Infection  of  vascular  endothelium 


Rickettsial  proliferation  and  spread  to  adjacent 
endothelial  cells 


Extensive  local  infection  of  vascular  endothelium 


Injury  to  Infected  endothelium 


Leakage  of  Intravascular  fluid  Into  surrounding  dermal  tissue 

Closure  of  capillaries  by  external  pressure  of  edema 
closing  the  lumlna  of  the  microcirculation 


Reduced  perfusion 


Ischemic  necrosis  of 
dermis  and  epidermis 


Maintenance  of  viability;  local 
dark  papule  due  to  dermal  edema 
and  hyperemia 


During  1983  and  1984,  seven  patients  suspected  of  having  boutonneuse 
fever  were  evaluated  by  Dr.  Staltl  In  Barcellona  (Italy)  and  by  Dr.  Mansueto 
In  Palermo  and  consented  to  hepatic  needle  biopsy.  The  clinical  and 
serologic  data  supporting  the  diagnosis  of  Rickettsia  conorll  Infection  are 
presented  In  Table  2.  Two  patients  had  a  four-fold  rise  In  titer  of  anti¬ 
bodies  to  R.  conorll  documented  by  Indirect  Immunofluorescent  antibody  assay 
(Philip  et  al,  1976).  All  seven  had  serum  antibodies  to  R.  conorll;  five 
patients  at  a  titer  of  1:160  or  higher.  A  tache  noire  and"  fever  were 
observed  In  all  seven  patients;  a  rash.  In  five  patients.  Thus,  the 
diagnosis  of  boutonneuse  fever  can  be  considered  as  confirmed  In  two 
patients  and  very  probable  In  the  other  five.  None  had  signs  or  sympt'"  . 
Indicative  of  hepatic  disease. 

Clinical  records  were  reviewed  for  data  on  serum  concentrations  of 
lactate  dehydrogenase,  alanine  aminotransferase,  aspartate  amino¬ 
transferase,  ganma-gl utamyl  transpeptidase,  and  bilirubin. 

The  hepatic  needle  biopsies  were  fixed  In  neutral  buffered  4% 
formaldehyde,  dehydrated  In  a  series  of  Increasing  ethanol  concentrations, 
embedded  In  paraffin,  sectioned  at  4  um  and  stained  with  hematoxylln-eosln 
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as  well  as  phosphotungstic  acid-hematoxylin  for  fibrin,  Verhoeff-Van  Gleson 
for  elastic  tissue,  retlculln,  and  PerTs  Prussian  blue  for  Iron.  An 
adjacent  serial  section  was  affixed  to  a  microscopic  slide  with  Elmer's 
glue,  deparafflnlzed  In  xylene,  digested  with  trypsin,  and  stained  by  direct 
Immunofluorescence  with  a  conjugate  reactive  with  £.  conorll  as  previously 
described  (Walker  and  Cain,  1978;  Montenegro  et  alT  1$$3). 

The  hepatic  laboratory  data  and  results  of  evaluation  *or  presence  of 
hepatic  lesions  and  R.  conorll  are  presented  In  Table  3.  The  moderate 
elevation  of  serum  "concentrations  of  LDH,  AST,  and  ALT  are  compatible  with 
the  presence  of  scattered  foci  of  hepatocel lular  necrosis,  which  involved 
only  a  small  proportion  of  hepatocytes.  The  lobular  location  of 
these  lesions  and  the  absence  of  involvement  of  portal  triads  is  reflected 
In  that  there  were  no  striking  deviations  of  laboratory  measurements  for 
serum  bilirubin  and  alkaline  phosphatase  during  the  acute  phase  of  the 
Illness.  Nevertheless,  It  Is  remarkable  that  all  biopsies  contained  lesions 
which  appeared  to  fit  Into  the  sequence  of  hepatocellular  necrosis  followed 
by  focal,  predominantly  mononuclear  leukocytic.  Inflammatory  reaction.  Yet, 
In  no  case  were  Intact  Immunof  1  uorescent  SFG  rlckettslae  Identified  In  the 
tissue.  It  Is  probable  that  alcoholic  or  other  hepatic  Injury  may  have 
occurred  as  an  underlying  condition  In  some  of  these  patients  In  whom  fatty 
change  was  observed.  This  Investigation  confirms  the  reports  of  Guardi  a  et 
al  (1974)  and  Faure  et  al  (1977)  who  have  described  hepatic  lesions  In 
patients  with  boutonneuse  fever.  It  Is  our  Interpretation  that  these 
lesions  do  not  fit  the  designation  granulomatous  hepatitis,  but  rather 
consist  of  foci  of  hepatocellular  necrosis  and  predominantly  mononuclear 
leukocytic  reaction  to  the  necrosis  and  probably  former  site  of  R.  conorll 
Infection.  The  lesion  differs  from  a  true  granuloma  In  that  It  Ts  not  an 
avascular  aggregate  of  activated  macrophages  In  contrast  to  the 
granulomatous  hepatitis  of  Q  fever  In  which  aggregates  of  macrophages  are 
observed  1r.  a  peculiar  doughnut  arrangement  (Plcchl  et  al ,  1960;  Pellegrln 
et  al,  1980).  C.  burnetii  resides  within  the  phagolysosome  of  macrophages, 
the  target  cell  of  Q  fever  (Burton  et  al,  1971),  whereas  endothelial  cells 
are  the  primary  target  of  R.  conorll  in  most  organs  (Walker  and  Gear,  1985). 
The  target  cel  1  of  Jl.  conorll  In  liver  awaits  further  study  of  human  cases 
and  animal  models.  In  fatal  cases  of  R.  conorl 1  Infection  In  South  Africa, 
immunof  1  uorescent  rlckettslae  have  been  demonstrated  in  hepatic  sinusoidal 
lining  cells  that  may  have  been  Kupffer  cells  or  endothelial  cells  (Walker 
and  Gear,  1985).  Adjacent  necrosis  was  associated  with  foci  of  rickettsial 
Infection  In  those  fatal  cases,  thus  suggesting  a  role  for  rlckettslae  in 
hepatocellular  Injury  and  the  probable  clearance  of  rickettslae  from  lesions 
In  the  biopsies  by  effective  host  Inmune  and  phgocytlc  mechanism. 

These  lesions  resemble  multifocal  hepatocellular  necrosis  and  Inflam¬ 
mation  observed  in  mice  Infected  experimentally  with  conorll  (Montenegro 
et  al,  1984).  The  observations  that  similar  lesions  occur  In  both  Immuno¬ 
competent  and  T-lymphocyte  deficient  mice  although  more  rlckettslae  persist 
In  the  Immunodeflclent  mice  suggests  that  Immunopathol ogle  mechanisms  are  not 
Important  In  the  pathogenesis  of  these  lesions.  Likewise,  the  fatal  South 
African  cases  contained  necrotic  hepatic  cells  In  foci  that  did  not  contain 
a  cellular  response.  Future  studies  of  human  and  experimental  animal 
material  by  electron  microscopy  and  Immunohistochemlstry  will  be  Important 
for  characterization  of  the  populations  of  Inf  1  amatory  cells  and  subpopula¬ 
tions  of  T-lymphocytes  as  well  as  for  Identification  or  the  hepatic  target 
cel  1  of  R.  conorll. 

Finally,  the  most  Important  conclusion  of  this  study  Is  that 
boutonneuse  fever  must  not  be  considered  as  a  benign  disease  with  rare 
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extracutaneous  Involvement.  The  demonst-atlcn  of  hepatic  lesions  In  seven 
consecutive  patients  evaluated  by  liver  biopsy  suggests  that  R.  conorl  1  Is 
frequently  vlscerotroplc  and  In  patients  with  particular  risk  factors  poses 
a  serious  threat. 

Our  other  paper  presented  at  the  ASR  meeting  on  the  pathogenesis  of  SFG 
rlckettsloses  Is  an  extension  of  recent  reports  of  gastrointestinal  Involve¬ 
ment  In  boutonneuse  fever  and  RMSF.  Two  Spanish  patients  with  severe  gas¬ 
trointestinal  hemorrhage  have  been  reported  by  the  group  at  the  University 
of  Salamanca.  One  underwent  gastrectomy  to  control  hemorrhage  and  subse¬ 
quently  died.  The  resected  gastric  specimen  contained  rickettsial  vascular 
lei  sons  as  the  basis  for  gastric  hemorrhage. 

Patients  with  RMSF  frequently  have  nausea,  vomiting,  diarrhea,  or 
abdominal  pain  leading  to  an  Initial  misdiagnosis  of  gastroenteritis. 

Nausea,  vomiting,  or  diarrhea  early  In  the  course  were  reported  In  63%  of  a 
series  of  131  well  documented  cases  of  RMSF.  Abdominal  pain  was  present  In 
34%.  A  lack  of  awareness  ot  the  gastolntestlnal  manifestations  of  RMSF  by 
the  physician  compounds  the  difficulty  of  dlgnosls  during  the  first  2-5  days 
of  Illness  prior  to  onset  of  the  rash.  In  a  study  by  Hattwlck  of  44  fatal 
cases  of  RMSF,  32%  of  cases,  as  compared  with  4%  of  nonfatal  control  cases, 
had  gastrointestinal  complaints  as  the  presenting  symptoms  leading  to  the 
Incorrect  diagnosis  of  gastroenteritis.  In  some  RMSF  patients,  these 
symptoms  lead  to  the  differential  dlgnosls  of  an  acute  surgical  abdomen,  and 
exploratory  laparotomy  Is  performed.  Such  manifestations  of  RMSF  leading  to 
laparotomy  have  been  reported  previously  in  at  least  six  patients  (Table  4). 
R.  rickettsll  were  demonstrated  by  direct  immunofluorescence  In  vascular 
Tesicns  of  the  appendix  of  one  patient;  organism  compatible  with  rlckettslae 
stained  by  Pinkerton's  method  were  described  In  the  lesions  of  the  patient 
with  acute  hemorrhagic  ulcerative  Ileitis. 

In  addition  to  these  case  reports,  a  recent  autopsy  study  of  the  gas¬ 
trointestinal  tract  and  pancreas  In  RMSF  was  published  from  our  laboratory. 
It  documented  rickettsial  vascular  lesions  of  vasculitis  or  thrombosis  in 
stomach  in  89%  of  the  cases.  In  the  small  Intestine  in  all  cases.  In  the 
large  Intestine  In  92%,  and  In  the  pancreas  of  70%.  Although  It  is  possible 
for  rickettsial  vasculitis  to  result  In  gastrointestinal  necrosis,  this 
appears  to  be  a  rare  event.  We  have  recently  Investigated  five  patients 
with  RMSF  with  interesting  abdominal  findings. 

A  76  year  old  man  appeared  In  good  health  until  he  was  found  drowsy  and 
confused  at  his  home.  At  a  nearby  hospital  In  western  North  Carolina  he  was 
noted  to  be  febrile  and  extremely  confused.  According  to  his  wife,  he  had 
been  quite  well  without  headache,  diarrhea,  nausea,  vomiting,  abdominal  pain 
or  rash.  Clinical  and  laboratory  evaluation  during  the  subsequent  four  oays 
failed  to  establish  a  diagnosis.  There  was  no  skin  rash.  He  remained 
febrile  and  was  treated  empirically  with  cefoxitin,  gentamicin,  and  erythro¬ 
mycin  for  presumed  sepsis.  On  his  fifth  day  of  hospitalization,  he  com¬ 
plained  of  pain  in  the  right  side  of  the  abdomen,  and  an  abdominal  x-ray 
revealed  ileus  and  possible  cholelithiasis.  Because  of  the  abdominal  pain 
and  abnormal  radiograph,  acute  cholecystitis  was  suspected  and  exploratory 
1  aparotomy  was  performed  revealing  cholelithiasis,  a  non-obstructive  stone 
In  the  common  bile  duct,  and  hepatomegaly,  but  no  evidence  of  cholecystitis, 
abdominal  or  retroperitoneal  abscess,  or  appendicitis.  The  stone  was 
removed.  Cholecystectomy  and  appendectomy  were  performed.  His  postopera¬ 
tive  course  Included  persistent  fever,  seizures,  coma,  hypotension, 
acidosis,  thrombocytopenia,  and  oliguria  progressing  to  anuria.  Postopera¬ 
tive  laboratory  data  Included  elevated  concentrations  of  hepatic  enzymes, 
and  serum  bilirubin.  Metronidazole,  cefoperazone,  and  platelet  transfusions 
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were  added  to  his  treatment  regimen.  After  transfer  to  another  hospital  for 
hemodialysis,  physical  examination  revealed  a  suggestion  of  an  erythematous 
macular  rash  with  scattered  petechiae,  purpurae,  and  peripheral  pitting 
edema.  A  skin  biopsy  contained  Innunof 1 uorescent  Rlckwettsla  rickettsli. 

The  was  treated  with  hemodialysis,  vasopressors  with  Swan-Ganz  monitoring, 
chloramphenicol,  and  methyl  prednisolone,  but  died  on  the  tenth  day  of 
Illness. 

In  view  of  the  skin  biopsy  finding,  the  gallbladder  and  appendix  were 
examined  by  direct  immunofluorescence  and  revealed  R.  rickettsli  in  the 
walls  of  the  blood  vessels  In  each  organ.  Rickettsial  vasculitis  was 
observed  In  each  layer  from  the  lamina  propria  to  the  subserosa  of  each 
organ. 

A  71  year  old  woman  from  eastern  Tennessee  developed  headache,  nausea, 
and  vomiting  for  2-3  days.  She  had  a  fever,  right  costovertebral  angle 
tenderness,  and  pyuria.  Upon  refusing  hospitalization,  she  was  treated  wltir 
cefamandole  nafate  and  trimethoprim-sulfamethoxazole  for  presumed 
pyelonephritis.  Two  days  later  she  was  admitted  with  nausea,  yomltlng, 
weakness,  and  dehydration.  Laboratory  data  Included  severe 
thrombocyutopenla,  elevated  liver  enzymes,  creatinine,  and  mild  hypoxemia  on 
oxygen  therapy.  She  developed  noncardlogenlc  pulmonary  edema  on  her  second 
hospital  day.  Ultrasonography  of  the  right  upper  quadrant  of  the  abdomen 
revealed  a  normal  liver  and  a  thickened  wall  of  the  gallbladder,  surrounded 
by  a  sonolucent  zone  that  was  Interpreted  as  a  perl  cholecystic  abscess  or 
edema.  Because  of  suspected  perlchol ecystlc  abscess,  exploratory  laparotjmy 
was  performed  on  the  second  hospital  day  with  cholecystectomy.  Intraopera¬ 
tive  chol angiogram,  and  liver  biopsy.  The  gallbladder  contained  no  stones, 
and  the  chol angiogram  was  normal.  There  were  500-1000  ml  of  bile-stained 
ascites.  Her  postoperative  course  was  characterized  by  persistent  fever, 
respiratory  failure,  metabolic  acidosis,  renal  failure,  and  cutaneous 
hemorrhages.  Prior  to  laparotomy  she  was  treated  with  various  antibiotic 
regimens  which  Included  amplclllln,  doxycycllne,  gentamicin,  cefoxitin, 
piperacillin,  and  clindamycin.  Doxycycllne,  an  active  anti  rickettsial  drug, 
was  given  for  less  than  a  day.  Postoperstlvely,  she  received  gentamicin  and 
chloramphenicol.  Althouyh  the  diagnosis  of  RMSF  was  considered  during  the 
Illness,  It  was  not  made.  She  died  on  her  sixth  day  of  hospitalization. 

Direct  litmunofl "orescent  examination  of  the  surgically  removed  gall¬ 
bladder  and  postmortem  skin  revealed  R.  rickettsli  In  blood  vessel  walls. 
Rickettsial  vascular  Injury  was  observed 

Case  3  was  a  55  year  old  man  who  developed  fever,  headache,  and 
myalgia,  six  days  before  death.  Over  the  period  2-4  days  prior  to  death, 
he  had  Intermittent  nausea  and  vomiting.  One  day  before  his  demise,  he 
vomited  a  large  blood  clot  and  was  hospitalized.  Hematemesls  continued 
requiring  transfusion  of  six  units  of  red  blood  cells.  After  transfer  to 
Chapel  Hill  he  had  hematocrit  37%,  platelets  18,000/ul,  acute  renal  failure, 
seizures,  cardiopulmonary  arrest,  hypotension,  and  postarrest  hematocrit 
19.5%.  He  was  transfused  with  red  blood  cells  and  platelets.  Endoscopy 
revealed  a  massive  amount  of  blood  In  the  stomach  and  esophagus,  but  no 
discrete  bleeding  focus.  Despite  Inmedlate  treatment  with  choramphenicol , 
the  patient  died  one  day  after  admission.  Autopsy  demonstrated  gastric 
rickettsial  vascular  Infection  and  injury  with  hemorrhage,  the  Inmedlate 
cause  of  death. 

Case  4  was  a  4  year  old  girl  In  the  preantibiotic  era,  1933,  In  fact. 
Postmortem  examination  revealed,  In  addition  to  the  typical  findings  of 
RMSF,  a  perforated  appendix,  the  wall  of  which  contained  numerous  injure1 
blood  vessels  Infected  by  Immunfl  uorescent  R.  rickettsli.  This  case  111  us- 
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trates  that  R.  rickettsll  can  actually  cause  lesions  requiring  surgical  j 

InterventlonT  '  ? 

Case  5  was  a  10  year  old  stale  who  developed  fever,  nausea,  vaulting,  '  , 

and  abdominal  pain  leading  to  appendectomy.  Seven  days  later  a  history  of  ! 

tick  bite  was  obtained  and  a  ra*h  was  noted  and  demonstrated  upon  biopsy  to  ! 

contain  Immunof luore'cerrt  R.  rickettsi II.  The  hospital  course  was  coepll-  ! 

cated  by  coma,  seizures,  acute  renal  failure.  noncardlogenlc  pulmonary  I  • 

edema,  cardiopulmonary  arrest,  skin  necrosis,  and  severe  thrombocytopenia, 
but  the  patient  survived  and  was  discharged  from  the  hospital  after  more 

than  a  month  with  convalescent  IFA  of  1:8,192.  Review  of  the  resected  .  i 

appendix  did  not  reveal  any  rickettsial  vascular  Injury  or  Immunofluorescent 
R.  rickettsll.  Thus,  our  dilemma  Is  thut  RMSF  may  be  misdiagnosed  as  acute 
surgical  abdomen  or  gastoenterltls  without  a  crucial  intraabdominal  lesion 

that  would  benefit  from  surgery  or  R.  rickettsi 1-assoclated  lesions  may  ^ 

cause  fatal  gastrointestinal  hemorrhage  or  caus?  life  threatening  gastroin¬ 
testinal  lesions  such  as  ruptured  appendix,  a  lesion  requiring  surgical 
Intervention.  Final ’y,  although  we  believe  the  g.l.  manifestations  of  RMSF 
are  associated  with  the  abdominal  rickettsial  vasculitis,  demonstrable 
rickettsial  Infection  and  lesions  may  not  always  be  present  In  the  tissue 
examined,  particularly  a  surglrji  specimen. 

A  manuscript  on  the  acute  phase  reaction  In  boutonneuse  fever  has  been  < 

prepared  and  submitted  for  publication.  This  work  was  performed  In  Palermo 
.n  collaboration  with  the  Clinic  r.  Tropical  and  Subtropical  Diseases  and 
the  Institute  of  Hygiene.  Evaluation  of  specific  serum  proteins  from  44- 
patients  In  Sicily  with  boutonneuse  fever  revealed  that  C-reactive  protr'i, 
haptoglobin,  alpna-l-antitrypsin,  C3,  and  C4  are  elevated  at  the  time  of 
presentation  for  medical  attention  In  varying  proportions  of  the  patients. 

C-reactlve  protein  Is  invariably  elevated  as  a  consequence  of  active  Injury 
and  Inflaninatlon  during  the  first  week  of  Illness.  Th.se  Increased  serum 
protein  concentrations  follow  the  pattern  of  the  acute  phase  reaction  and 
suggest  that  inmunopathol ogle  phenomena  and  Intravascular  hemolysis  do  not 

occur  In  most  patients  with  biutonneuse  fever.  ,j 

The  haptoglobin  concentration  was  significantly  higher  during  the  first 
two  weeks  of  illness  than  subsequently.  Only  three  determinations  had  1 

values  below  the  normal  range,  one  during  the  first  week  of  Illness  airt  two 
during  late  convalescence.  Serum  al pha-l-antlfypsln  levels  were  hlgbvt 
during  the  first  two  weeks  of  Illness  and  had  dlminlsthed  to  normal  levels 
by  4  •#*»'•, s  after  onset  of  Illness.  Concentrations  of  C3  convertase  and  C4 
were  elevated  acutely  with  16/25  measurements  of  C4  and  8/25  measurements  of 
C3  convertase  above  the  reference  interval  during  the  first  week  and  20/26 

assays  of  C4  and  5/26  assays  of  C3  convertase  above  the  reference  Intt.  .«1  4 

during  the  secon.  seek.  In  only  one  patient  during  he  first  week  of  t 

Illness  were  the  concentrations  of  C3  convertase  and  04  below  the  reference  ' 

Interval.  C-reactlve  prote!,!  (CRP)  was  at  or  atove  the  upper  limit  of 

norm-ii  in  all  patients  during  the  first  week  and  in  20/26  patient*  during 

the  sacond  week.  8y  late  convalescence  1-2  months  after  onset,  15/20 

patients  had  no  detectlble  sarum  CRP. 

This  study  has  demonstrated  ti>at  the  acute  phase  reaction  ocurs  during 
boutonneuse  fever.  Serum  concentrations  of  certain  hepatic  synthesized 
proteins  are  elevated  as  a  starotypeb  response  following  surgical  operation, 
several  acute  Infections,  and  other  situations  that  have  acute  Inflanmation  or 
tissue  mjcrosls.  CRP  concentration  has  been  shown  to  rise  from  undetectible 
levels  within  4-6  hours  after  acute  1nju»y.  Haptoglobin,  fibrinogen,  and 
al pha-1-antltrypsi n  are  Increased  in  concentration  by  24  ho'*rs  after  1'lury, 
and  C3  convertase  Is  elevated  during  the  first  week.  Our  measurements  were 
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not  made  early  enough  In  the  course  of  BF  to  determine  how  hr/  hours  after 
onset  were  required  before  the  rise  occurred. 

The  effects  of  the  elevated  concentrations  of  these  serum  proteins  on 
the  pathophysiology  of  BF  Is  uncertain.  It  nay  be  hypothesized  that  C3 
convertase  and  C4  eight  be  consueed  by  binding  to  circulating  <mm  com¬ 
plexes,  which  have  been  deeonstrated  to  occur  In  BF.  Although  the  observa¬ 
tion  that  C3  convertase  and  C4  concentrations  are  eostly  alevated  or  no  real 
does  not  exclude  that  posslbllty  entirely.  It  docs  not  support  that 
hypothesis.  Other  observations  and  experimental  data  suggest  that  Immuno- 
pathologlc  mechanises  are  not  Important  In  spotted  fever  group  rfckettsloses 
(Bradford  et  al,  1979;  Jurrells  and  Elsaeann,  1983;  Kenyon  and  Pedersen.  1980; 

Kokorin  et~aTT*l976;  Montenegro  et  al_,  In  press;  Moser  et  al.  1977;  Walker 
and  Henderson,  1978).  Nonspecific*  opsonization  of  spotted~7ever  rlckettslae 
by  direct  reaction  with  components  of  complement  or  CRP  has  never  been 
demonst rated;  however,  elevated  concentrations,  particularly  of  CRP,  suggest 
this  as  a  possible  host  defense  mechanism  as  It  may  be  In  other  bacterial 
Infections.  The  persistent  elevation  of  CRP  In  son  patients  Indicates  that 
tissue  Injury  or  InflamHtlon  Is  ongoing. 

The  observation  of  a  low  plasma  concentration  of  haptoglobin  In  one 
patient  during  the  acute  phase  of  BF  Indicates  that  significant  hemolysis  Is 
not  a  frequently  occurring  complication.  The  recent  demonstration  of 
hemolysis  In  a  patient  with  glucose-6-phosphate  dehydrogenase  (G6PD) 
deficiency  and  fatal  RMSF  suggests  that  hemolysis  may  play  a  role  In  the 
enhanced  severity  of  RMSF  In  G6P0  deficient  m  (Walker  et  al,  1983).  Since 
Hies  with  66P0  Mediterranean  have  been  shown  to  have  a  RTgKer  Incidence  of 
specific  complications  In  BF  than  G6PO  norma  1  Hies  (Picas  et  al,  1983),  the 
possibility  of  hemolysis  should  be  now  evaluated  In  this  suOpopul  at  Ion  of 
patients  with  BF. 

In  general,  the  acute  phase  reaction  appears  to  be  an  lamedlate 
response  trfilch  precedes  the  generation  of  a  specific  Imeune  response.  Like 
fever,  this  response  Is  highly  likely  to  have  resulted  from  evolutionary 
selection  and  to  have  an  effect  that  Is  generally  favorable  to  the  host. 

The  exact  Interactions  of  C3  convertase,  C4,  and  CRP  with  R.  conorll  await 
further  study.  ~ 

A  nnuscrlpt  on  familial  cates  of  boutonneuse  fever  has  been  prepared 
and  submitted  for  publication  In  collaboration  with  the  sen  groups  of 
Investigators  In  Sicily.  Pairs  of  cases  of  boutonneuse  fever  occurred  In 
three  families.  The  Illness  appeared  nearly  simultaneously  In  both  members 
of  ?*e  family,  but  generally  was  more  serious  In  one  as  Judged  by  clinical 
aid  laboratory  parameters.  The  possibility  of  a  "bed  rlckettslosls,*  that 
la,  reactivation  of  rlckettslae  by  the  blood  nal  obtained  from  the  first 
Individual  by  the  tama  tick  which  fed  upon  the  second  Individual,  can  be 
excluded  In  two  of  the  three  pairs  of  cases.  Four  of  the  six  patients  were 
sleeping  In  different  beds. 

On  the  other  hand,  the  differing  severity  Hy  be  reflected  In  the 
different  laanuno logical  patterns  of  the  two  patients.  In  one  couple  It  was 
documented  that  the  first  and  more  seriously  111  had  antibodies  of  the  IgM 
class,  presumably  a  result  of  the  first  exposure  to  Rickettsia  conorll.  The 
second  and  less  111  patient  had  antibodies  of  the  IgC  class  only,  presmeably 
the  result  of  reexposure  after  previous  asymptontlc  Infection  with  a  j 

spotted  fever  group  rlckettsla.  \ 

The  cases  reported  he.-e,  particularly  the  two  sisters,  comprise  an  i 

interesting  example  from  the  point  of  view  of  clinical  and  laboratory  ; 

observations.  Clinically,  the  course  was  reHrkable  more  severe,  as  judged  i 

by  meningeal  signs,  and  more  extensive  hemorrhagic  rash,  hepatomegaly,  I 
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lymphadenopathy,  In  the  younger  (54  year  ol^)  sister  who  did  not  have  a 
slgnlflcan  prior  medical  history  In  comparison  with  her  sister  (74  year  old 
with  a  four  year  history  of  hypertension).  In  general,  rlckettsloses  have 
been  documented  to  be  wore  severe  In  older  patients  and  clinical  Judgement 
would  suggest  In  those  with  underlying  wedlcal  problems.  Also  the 
laboretory  data  demonstrated  more  marked  abnormalities  tn  the  first  of  the 
two  patients  to  become  111. 

The  hypothesis  that  a  single  source  of  Infection,  that  Is  to  say  the 
saw  tick,  first  bit  the  older  sister  and  then  the  younger  sister  with 
progressive  ‘reactivation*  of  the  rlckettslae  after  the  first  blood  meal  of 
the  tick  does  not  seem  very  probable.  This  hypothesis  has  been  proposed  In 
several  cases  of  Rocky  Mountain  spotted  fever  occurring  In  married  couples, 
familial  rlckettsloses  of  the  bed  (Parker,  1933;  Schaffner  et  al,  1985),  but 
this  proposition  Is  not  supported  by  our  cates  since  the  two  sisters, 
although  living  In  the  saw  house,  had  separate  bedrooms. 

It  stew  to  us  Instead  more  probable  that  the  explanation  has  an 
Immunologic  basis  supported  by  the  course  of  development  of 
Immunof  1  uorescent  antibodies  of  a  particular  class.  The  younger  si  star  had 
predominantly  IgM  antibodies  early  In  her  course,  and  her  sister  had  IgG 
antibodies.  This  suggests  that  the  more  severe  case  encountered  Infection 
with  R.  conorl  1  for  the  first  tlw  while  the  milder  case  had  an  anamnestic 
Immune  response  with  rapid  rise  In  the  IgG  class  of  antibodies,  possibly  am 
Indication  of  previous  asywptowtlc  Infection  with  a  spotted  fever  group 
rlckettsla.  This  Immediate  Immune  response,  therefore,  allowed  a  faster 
antibody  rise,  and  thus,  better  control  of  the  pathogenic  events.  It  Is 
clear  that  this  hypothesis  goes  beyond  the  docuwnted  evidence;  however,  we 
recently  observed  a  typical  "tache  noire*  (In  which  biopsy  was  demonstrated 
the  presence  of  R.  conorl  1  by  Immunofluorescence)  in  a  patient  who  did  not 
develop  subsequent  1 1 1  ness.  Meanwhile,  monitoring  of  the  Immune  response 
showed  seroconversion  of  only  IgG  antibodies.  This  observation  supports  the 
hypothesis  that  preexisting  asymptomatic  Infection  allowed  an  anamnestic 
Immune  response  sufficient  to  circumscribe  the  infection  at  the  Site  of 
Inoculation  (Burgeols  et  aj_,  1982;  Mansueto  et  al,  1984a). 

Also  In  this  report  are  two  pairs  of  cases“that  appear  to  docuwnt  a 
dynamic  analogue.  Indeed,  In  the  subjects  with  a  predominant  Initial  IgG 
response  the  Illness  was  less  severe.  The  role  of  humoral  lamunlty  In  the 
pathogenesis  of  rickettsial  diseases  Is  not  completely  clear;  nevertheless, 
several  experimental  studies  have  demonstrated  a  role  for  antibodies  In  an 
eloquent  manner.  Sambrlll  and  Wlssewn  have  observed  that  human  Immune 
antl-R.  prowatekll  serum  augments  the  opsonlylng  power  and  the  destruction 
of  rlckettslae  by  leukocytes  and  macrophages.  Topping  (1940,  1943) 
demonstrated  protection  by  prophylactic  administration  of  Immune  sera.  The 
military  significance  of  timse  observations  Is  that  there  are  probably  "hot 
spots*  of  R.  conorl  1  prevalence  In  the  ecosystem  Into  which  nonlnmune  troops 
might  enter  and  becow  Infected  with  a  substantial  attack  rate  for  the 
group. 

A  manuscript  has  been  prepared  and  submitted  for  publ  Icatlon  on  the 
epidemiology  of  boutonneuse  fever  In  western  Sicily  that  correlates  the 
distribution  and  prevalence  of  R.  conorl  1  infection  In  Rhlplcephulus 
sanguineus  with  canine  seroposlflvlty  and  human  cases  if  boutonneuse  fever. 

The  distribution  and  prevalence  of  spotted  fever  group  rickettsial 
Infection  In  the  Ixodld  dog  tick  Rhlplcephal us  sanguineus  were  found  to 
occur  at  a  rate  of  19.71  with  variation  rel ated  to  geographical  and  soclo* 
occupational  factors.  A  higher  rate  of  infection  was  demonstrated  In  ticks 
rewved  from  dogs  associated  with  docuwnted  cases  of  boutonneuse  fever. 
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Out  of  the  1078  ticks  removed  from  dogs,  ft.  sanguineus  ms  predominant 
with  few  other  species  (4  Ixodes  rlclnus.  4  Kyll  cwm  marql ra cum.  2  ft. 
burse).  All  stages  of  development  were  obtained  from  sheep-dogs,  while  only 
adults  were  observed  In  domestic  dogs  living  In  urban  areas  and.  In  late 
summer,  In  dogs  of  the  mountainous  areas.  Only  adult  ticks  Mre  tested  In 
this  study.  In  each  place  the  occurrence  of  BF  has  been  documented. 

A  total  of  212  (19.21)  jf  1078  ticks  ms  found  infected  with  SFG 
rlckettslae.  Not  all  the  areas  Investigated,  however,  showed  the  same  rate 
of  Infection  but  a  gradient  was  observed  which  Increased  from  urban 
(Palermo,  Trapani,  Agrlgento)  to  rural  areas  (Carlnl,  Castel  lammare,  Vlcarl, 
Santo  Stefano  dl  Qulsqulna,  Alcaan)  and  decreased  again  with  a  rise  In 
altitude  (Petrel la  and  the  Madonle  Mountains).  Ticks  obtained  from  dogs 
living  In  sheepfolds  In  rural  areas  frequent  y  contained  SFG  rlckettslae; 
23/24  (95.81)  of  these  dogs  were  found  to  harbour  Infected  ticks,  and  all  of 
them  where  seropositive.  In  urban  areas  14  (43.71)  of  32  dogs  Mre  free  of 
Infected  ticks  (P<0U)1)  although  antibodies  reactive  with  ft.  conorll  Mre 
detected  In  2S/32  (781).  Higher  percentages  of  dogs  carrying  nonl nfected 
ticks  and  seronegative  dogs  Mre  found  In  mountainous  areas:  14/21  (671) 
and  10/21  (471),  respectively  (P<0«001).  Seventy-three  dogs  (67.61)  Mre 
found  to  harbour  Infected  ticks  overall.  Antibodies  reactive  with  ft. 
conorll  Mre  present  In  88/108  (831);  yet  only  20  of  35  (57.11)  dogs*w1th 
uninfected  ticks  Mre  seronegative  (P<0.001). 

Investigation  of  8  human  cases  of  8F  where  association  with  dogs  ms 
documented  revealed  that  16  out  of  22  (731)  dogs  tasted  harboured  ticks 
Infected  with  ft.  conor 1 1  as  demonstrated  by  direct  examination  of  the  ticks 
and  seroconversion  of  guinea  pigs.  All  the  dogs  Mre  found  to  have  antl-ft. 
conorl 1  antibodies.  It  Is  Intriguing  to  note  that  the  case  from  Santo 
Stefano  dl  Qulsqulna  ras  a  shepherd  and  the  patients  In  Castel  Immure  and 
Vlcarl,  a  school  teacher  and  a  grocer,  respectively,  had  a  sheepfold  very 
near  the  land  surrounding  their  homes.  Controls  Mre  chosen  and  taken  from 
the  same  neighborhood  from  houses  where  no  eases  of  BF  had  occurred;  a 
significantly  Iomp  percentage  of  seropositive  dogs  and  infected  ticks  ms 
observed  In  the  controls  (PC0.001).  A  tick  (ft.  sanguineus)  removed  from  the 
site  of  bite  on  the  shoulder  of  an  agricultural  "wonier  contained  SFG 
rlckettslae  demonstrated  by  microscopic  observation  and  Immunfl  uorescent 
staining  of  hemolymph;  seroconversion  occurred  In  the  Inoculated  guinea  pig. 
The  dog  owned  by  this  patient  ms  also  seropositive.  All  guinea  pigs  inocu¬ 
lated  with  hemolymph  positive  ticks  showed  seroconversion  after  28  days. 

The  essential  role  of  the  tick  Is  emphasized  by  the  high  rate  of  tick 
Infection  (19.71)  and  the  uneven  distribution  of  SFG  rickettsial  Infection 
of  ticks  ranging  from  41  to  351  In  different  areas.  These  variations 
correlated  with  geopgraphlc  factors:  high  Infection  rates  In  rural  areas 
and  lOMr  altitudes  and,  conversely,  1  omr  Infection  rates  In  urban  and 
mountainous  areas. 

These  observations  of  high  proportions  of  rlckettsla-lnfected  ticks  and 
seropositive  dogs  In  areas  of  Sicily  with  higher  Incidence  of  8F  an'  similar 
to  the  evidence  for  greater  rickettsial  activity  In  dogs  In  France  and  the 
USA  In  areas  of  higher  human  attack  rates  for  BF  and  Rocky  Mountain  spotted 
fever,  respectively. 

There  ms  an  even  higher  rate  of  SFG  rickettsial  infection  of  ticks 
from  dogs  that  Mre  associated  with  human  cases  of  BF  In  Sicily  than  the 
average  rate  of  tick  Infection;  731  of  such  dogs  had  SFG  ilckettsla- 
contalnlng  ticks.  The  stimulation  of  seroconversion  of  guinea  pigs 
Inoculated  with  tlck-rlckettsle  suspensions  strongly  suggests  that  these  SFG 
rlckettslae  Mre,  in  fact,  pathogenic  ft.  conorll.  This  association  of  ft. 
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conorll -Infected  R.  sanguineus  with  human  BF  In  western  Sicily  was  most  j 

conclusively  documented  by  the  Isolation  of  a  SFG  rlckettsla  from  a  R.  S 

sanguineus  tic*:  which  was  removed  from  a  patient  with  BF. 

A  whose,  (pt  reporting  four  cases  of  boutonneuse  fever  that  occurred  i 

during  the  cold  season  of  the  year  has  been  prepared  and  submitted  for 
publication  In  collaboration  with  Investigators  at  the  University  of  Palermo  j 

and  Dr.  Raoult  of  Marseille.  These  documented  cases  occurred  In  Sicily  and  1 

France  between  November  and  February.  It  cannot,  therefore,  be  assumed  that  i 

boutonneuse  fever  1$  limited  to  the  warm  weather  seasons  of  the  year.  The  j 

diagnosis  must  be  considered  for  febrile  patients  In  the  Mediterranean  basin 
throughout  the  year. 

A  manuscript  that  documents  the  occurrence  of  hemolysis  and  severe 
boutonneuse  fever  In  a  previously  healthy  27  year  old  man  with  glucose-6-  i 

phosphate  dehydrogenase  deficiency  fas  been  prepared  and  submitted  for  j 

publication  In  collaboration  with  the  Infectious  Diseases  Unit  of  the  Boigny 
Hospital  and  the  Pediatric  Hematology  Unit  of  La  Tlmone  Hospital  In 
Marseille.  A  27  year  old  previously  healthy  Algerian  man  was  hospitalized 
on  August  3,  1984,  after  two  days  of  fever,  headache.  Myalgias,  asthenia  and 
weight  loss  of  two  kilograms.  Several  days  before  hand  he  had  noticed  a 
scrotal  lesion  with  painful  Inguinal  1 ymphadenopathy.  On  admission  he  had 
temperature  39.5*C,  pulse  100/mln,  blood  pressure  110/60  imnHg,  and  a  scrotal 
eschar.  Laboratory  data  Included  normal  urinalysis,  hematocrit  451, 
erytbocyte  count  4.6  x  106/ul,  hemoglobin  14.65  g/dl,  white  blood  cells  &4 
x  lOvul,  with  771  polymorphonuclear  leukocytes,  platelet  count  128  x 
103/u1,  serum  sodium  137  mnol/1,  serum  potassium  3.7  amol/1,  serum  chloride 
99  mnol/1,  serum  calcium  2 J  mnol/1,  prothrombin  time  11  seconds  (control  12 
seconds),  unconjugated  bilirubin  11  me  mol/1,  aspartate  aminotransferase 
(SGOT)  25  IU/1,  and  blood  urea  nitrogen  5.1  maol/1.  He  became  stuporous  and 
confused.  A  maculopapular  eruption  Involving  the  palms  and  soles  and 
purpuric  on  the  legs  and  trunk  was  observed  on  August  7,  1984.  The  diagnosis 
of  Mediterranean  spotted  fever  was  made,  and  Intravenous  treatment  with 
doxycycllne,  200  mg/day,  was  begun  on  August  7.  On  August  10,  1984,  the  1 

patient  was  asthenic  and  stuporous  but  apyretlc.  Laboratory  data  showed 
hepatic  Involvement  (SGOT,  145  IU/1  and  SGPT,  142  IU/1)  and  evidence  of 
hemolysis  with  decreased  hemoglobin  and  haptoglooln  but  normal  bilirubin. 

The  subsequent  course  was  uneventful  and  did  not  require  blood  transfusions.  j 

G6P0  phenotype  was  determined  to  be  S6P0  B'  by  low  G6PD  activity  determined 

by  spectrophotometry  and  by  electrophoretic  mobility.  The  diagnosis  of 

Mediterranean  spotted  fever  was  confirmed  by  Immunof luorescent  antibody 

test.  The  Investigation  of  the  family  revealed  two  other  cases  of  S6PD 

deficiency,  a  brother  and  a  maternal  uncle. 

Severe  cases  of  Mediterranean  spotted  fever  have  been  reported  * 

previously.  These  cases  were  usually  males,  with  underlying  diseases  4 

such  as  diabetes,  cardiac  insufficiency,  or  alcoholism.  66P0  deficiency  was  ' 

suspected  to  be  one  of  the  risk  factors  for  severe  disease.  G6PD  deficiency 
Is  rare  In  France,  but  In  the  southern  France  especially  In  Marseille,  a  J 

population  of  diverse  origins  Is  present.  In  Marseille  101  of  the  popula-  J 

tlon  original  ly  came  from  Corsica  and  181  from  North  Africa  where  S6P0  ? 

deficiency  Is  prevalent.  The  rate  of  G6P0  deficiency  Is  101  In  Algeria.  j 

G6PD  deficiency  nas  previously  been  associated  with  severity  In  murine  | 

typhus,  scrub  typhus  and  Rocky  Mountain  spotted  fever.  Regarding  j 

Mediterranean  spotted  fever,  Melonl  and  Forteleonl  found  no  statistical  ’ 

differences  In  patients  with  and  without  66PD  deficiency  although  no  parti-  j 

cular  criteria  that  were  evaluated  were  stated.  In  contrast,  Plras  et  al  j 

reported  an  evaluation  of  Sardinian  males  with  Mediterranean  spotted  fever 
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for  complications  of  particular  organ  systems  which  occurcd  more  frequently 
In  G6PD  deficient  patients.  Neither  study  assented  on  examination  for 
hemolysis. 

Our  patient  had  a  quite  severe  form  of  serologically  confirmed 
Mediterranean  spotted  fever  with  stupor,  confusion,  purpuric  exanthem 
thrombocytopenia,  hepatic  Involvement,  and  evidence  for  hemolysis.  The 
hemologlotoln  .‘ell  from  14.7  g/dl  to  9.9  g/dl,  and  serum  haptoglobin  was 
depleted  (0.16  g/1)  acutely  and  rose  to  normal  concentration  (1.5  g/1)  during 
convalescence.  This  Is  the  first  reported  case  of  hemolysis  In  a  G6P0 
deficient  patient  suffering  from  Mediterranean  spotted  fever  and  the  first 
reported  case  of  hemolysis  with  rlckettslosls  In  a  S6P0  B*  (Mediterranean) 
patient.  The  mechanism  of  enhanced  severity  of  rlckettsloses  In  G6PD 
deficiency  Is  unclear.  Two  hypotheses  are  drug  Induced  hemolysis  and 
Increase  of  rickettsial  activity  due  to  defective  host  defense  or 
stimulation  by  constltutents  released  from  lysis  of  red  blood  cells. 

In  our  case  hemolysis  occurred  before  tetracycline  treatment.  In  our 
experience  this  man  was  the  only  patient  with  documented  G6P0  deficiency 
among  49  males  with  Mediterranean  spotted  fever  where  the  G6PD  activity  was 
determined.  Furthermore,  he  Is  the  only  patient  under  30  years  of  age  to 
have  a  severe  form  of  the  disease.  In  our  opinion.  In  addition  to 
alcoholism,  diabetes  and  old  age,  G6PD  deficiency  could  be  considered  as  a 
cause  of  enhanced  severity  In  Mediterranean  spotted  fever  as  wel 1  as  In 
other  rlckettsloses. 

This  report  suggests  that  servicemen,  particularly  those  of  African  and 
Mediterranean  ancestry,  should  be  evaluated  for  glucose-6-phosphaf.e 
dehydrogenase  phenotype  before  assignment  to  duty  In  southern  Europe, 

Africa,  or  the  Middle  East.  Documentation  of  this  genetic  condition  may 
allow  particular  preventive  measures  to  be  taken,  e.g.  vaccination.  If  It 
becomes  available,  or  anticipation  of  severe  disease  If  boutonneuse  fever  Is 
not  diagnosed  and  treated  early  In  the  course. 

Other  investigations  Involving  study  of  human  rlckettsloses  that  were 
subjects  of  work  during  the  past  year  Include  the  publication  of  the 
article,  "Correlation  of  the  Distribution  of  Rickettsia  conorll.  Microscopic 
Lesions,  and  Clinical  Features  In  South  African  tick  Bite  Fever"  In 
collaboration  with  J.H.S.  Gear,  and  autopsy  case  study  of  a  fatal  case  of 
boutonneuse  fever  from  Salamanca,  a  study  of  a  rache  noire  biopsy  from  a 
case  of  boutonneuse  fever  In  a  tourist  who  returned  from  the  Mediterranean 
region  to  San  Fransclsco,  and  Investigation  of  fatal  cases  of  epidemic 
typhus  in  llorth  Africa  during  World  War  II.  The  South  African  case,  which 
was  described  In  last  year's  annual  report,  was  completed  and  presented  as  a 
paper  at  the  annual  meeting  of  the  American  Society  of  Tropical  Medicine  and 
Hygiene  and  an  original  research  article  in  the  Journal  of  the  American 
Society  of  Tropical  Medicine  and  Hygiene  (see  enclosed  reprints).  The  fatal 
case  from  SaTamanca  Is  currently  being  prepared  for  inmunof 1 uorescent  demon¬ 
stration  of  R.  conorll.  Antigen  of  R.  conorl  1  was  detected  In  sparse  quan¬ 
tity  In  the  tache  nol re  sent  from  San  Franslsco.  The  method  for  demonstra¬ 
tion  of  R.  prowaaetll  (n  fixed  human  tissues  that  have  been  stored  embedded 
In  paraffin  since  the  early  1940's  has  been  developed  using  a  conjugate 
reactive  with  typhws  group  rlckettslae  that  was  obtained  from  the  COC. 

Tissues  of  three  cases  from  the  AF!P  archives  are  in  the  process  of  prepara¬ 
tion  In  our  laboratory  for  a  cl inicopathologlc  study  in  collaboration  with 
0<\  Ted  Woodward.  Preliminary  results  o*  sensitive,  Immunofl uorescent 
examination  for  the  distribution  of  R.  prowazekll  have  shown  rlckettslae  In 
endothelial  locations  In  kidney  amT heart.  We  hope  to  elucidate  several 
pathophysiologic  aspects  of  upldemfc  typhus  and  to  compare  the  distribution 


32 


of  rlckettslae  with  RMSF  and  boutonneuse  fever. 

Our  work  on  the  mouse  model  of  fli.  conorll  Infection  that  was  begun 
prior  to  the  Initiation  of  this  contract  was  prepared  as  a  completed  manu¬ 
script  and  published  this  year  (Montenegro,  M.R.,  Ualker,  O.H.,  Hegarty, 

8.C.,  Infection  of  genetically  limunodeflclent  mice  with  Rickettsia  conorll. 
Acta  Virol  28:508-514,  1984).  It  Includes  descriptions  of  a  model  of  ft. 
conorll  hepatitis  that  is  analogous  to  human  boutonneuse  fever  hepatic 
lesions,  particularly  as  It  occurs  In  Immunocompetent  mice.  Work  Is  In 
progress  toward  further  elucidation  of  hepatic  Injury  by  R.  conorll  and  the 
local  Immune  response  V  Hepatic  rickettsial  Infection  by"eiectron 
microscopy  and  Immunohl-  iochenrlstry.  A  good  animal  model  for  documented, 
reproducible  severe  R.  onorl  1  Infection  of  organs  pertinent  to  severe  huiwn 
Infection  other  than~11<  er  has  not  been  described  and  must  be  developed. 
Study  of  C3H  and  Balb/c  mice  with  R.  conorl  1  Inoculated  by  Intraperitonea  1 , 
subcutaneous,  or  1ntra<termal  routes  has  been  conducted  In  collaboration  wlr.n 
Dr.  Tom  Jarrells  at  Walter  Reed  Army  Institute  of  Research.  We  have 
examined  by  light  microscopy  the  tissues  of  mice  susceptible  (C3H)  an  I 
resistant  (Balb/c)  to  lethal  R.  conorl 1  Infection  by  the  Intraperltoceal 
(lethal  for  C3H),  subcutaneous  (resistant  In  both  mouse  strains),  and  intra 
dermal  (resistant  In  both  mouse  strains)  routes  over  the  first  12  days  after 
Inoculation.  Lesions  are  consistently  present  In  hepatic  tissues  of  these 
mice  (Table  5).  Renal  and  CMS  lesions  are  less  consistent.  Immunofluores- 
cent  determination  of  the  presence,  distribution,  and  relative  quantity  of 
rlckettslae  In  these  tissues  by  the  deparafflnlzatlon,  trypsin  digestion 
method  revealed  that  rlkettslae  were  present  In  the  peritoneum  and  liver  of 
lethal  ly  Infected  CBH  mice  Inoculated  Intr apart toneal  ly  when  sacrificed  on 
day  7.  Systemic  endothelial  Infection  was  not  observed  In  any  of  the  mice. 
The  lethal  combination  Is,  like  the  other  combinations,  therefore,  neither 
an  acceptable  model  of  R.  conorll  endothelial  Injury  nor  of  Immunity  to 
endothelial  Infection. 

During  the  period  of  a  visiting  professorship  by  Ors.  Wansueto  and 
Trlngall  In  March  of  1985,  tissues  of  guinea  pigs  Inoculated  with  8.  conorll 
were  examined  for  lesions  and  Immunof  1  uorescent  rlckettslae.  Lei  sons  were 
few  and  Inconsistently  observed  except  for  periorchitis  and  multifocal 
hepatic  Inflammation.  Immunofl uorescent  R.  conorll  we^e  detected  In  the 
mesothellum  of  the  tunica  vaginalis  but  nol  In  systemic  and  pulmonary 
vascular  endothelium.  Thus,  guinea  pigs.  In  irftlch  even  fever  Is  frequently 
absent  or  of  short  duration,  are  not  a  model  for  study  of  the 
pathophysiology  and  pathogenesis  of  R.  conorll  Infection. 

Because  cotton  rats  have  been  reported  as'  model  s  for  several  Inman 
viral  Infections  and  R.  prowazekll  Infection  and  latency,  this  species, 
Slgmodon  hlspldus,  was  Inoculated  with  R.  conorll.  R.  slblHca,  and  R. 
Hckettslj.  The  results  were  disappointing  with  no~deaths  and  few  lesions 
or  demonsTrated  SFG  rlckettslae  after  an  extensive  histologic  and  Immuno¬ 
fl  uorescent  examination. 

Collaborative  assistance  has  been  provided  to  Or.  T.  S.  Walker  In 
probing  the  role  of  prostaglandins  In  the  pathogenesis  of  SFG  rlckettsloses. 
Plasma  and  sera  from  experimentally  Infected  guinea  pigs  and  human  cases 
have  been  collected  and  sent  to  this  laboratory  for  analysis.  The  results 
are  pending  at  this  time. 

Investigations  of  cell  culture  models  of  R.  conorll  Injury  Included 
final  preparation  of  the  manuscript  and  publlcallcn  of  the  article  ’Injury 
restricted  to  cells  Infected  wlh  spotted  fever  group  rlckettslae  In  para¬ 
biotic  chambers,’  Acta  Tropica,  41:307-312,  1984,  by  Walker,  D.  H.,  Firth, 

W,  T.,  Hegarty,  8.  “C.,  previously  reported  In  annual  report  number  l 
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(reprints  enclosed),  evaluation  of  the  effect  of  temperature  on  cell  Injury 
by  R.  conorl  1 .  and  work  toward  development  of  a  model  of  cell  Injury  with 
fluid  overlay  by  measurement  to  lactate  dehydrogenase  concentration  In 
culture  medium.  Plaques  were  not  appreciably  different  In  quantity  at  32”, 
34*  and  36*0.  At  38*0  fever  R.  conorl  1  plaques  were  observed.  The  LDH 
model  has  been  characterized  Tn  that  predominantly  the  Isoenzyme  IDH-5  Is 
contained  In  and  released  by  Vero  cells.  An  assay  that  preferentially 
measures  this  Isoenzyme  Is  under  Investigation.  The  major  problem  at 
present  relates  to  the  relatively  small  amount  of  LDH  released  and 
standardization  of  a  protoocol  for  precision  In  determining  the  concentra¬ 
tion  In  the  medium.  The  model  Is  not  currently  ready  for  use  In  pursuing 
the  mechanisms  of  cell  Injury  related  to  phospholipase  A  and  trypsin-like 
protease. 

Some  effort  has  been  er.pan-ied  on  review  and  analysis  of  the  published 
medical  and  scientific  literature  on  rickettsial  disease  problems.  This 
effort  has  been  useful  In  focusing  on  the  critical  Issues  that  these 
diseases  pose.  A  major  product  of  this  work  Is  the  writing  of  a  comprehen¬ 
sive  chapter  for  a  CRC  Handbook  on  viral  hemorrhagic  fevers  and  rickettsial 
diseases  edited  by  Or,  J.H.S.  Gear.  "The  chapter  entitled  ‘Pathology  and 
Pathogenesis  of  the  Hemorrhagic  State  In  Viral  Hemorrhagic  Fevers  and 
Rickettsial  Olseases*  encompasses  correlation  of  clinical  and  hemorrhagic 
manifestations,  human  and  experimental  animal  pathologic  leslor.s,  and  Inves¬ 
tigations  of  hemostatic  and  pathogenic  mechanisms  In  these  diseases.  A 
second  major  work  on  synthesis  of  the  current  state  of  knowledge  Is  the 
planning  and  editing  of  a  CRC  Handbook,  Biology  of  Rickettsial  Diseases. 

It  Is  my  goal  to  produce  a  comprehensive  work  to  encompass  the  meaning  of 
the  recent  advances  In  rickettslology  and  their  Implications  for  under¬ 
standing  rickettsial  ecology,  physiology.  Immunity,  pathology,  and  clinical 
diseases.  The  field  lacks  a  book  that  presents  its  Interesting  problems  as 
they  currently  exist  In  a  form  that  transcends  the  individual  article  or 
collection  of  research  publications.  The  results  should  be  useful  for 
military  medical  planning  and  will  Include  contributions  from  rlckettslolo- 
glsts  with  a  perspective  of  rlckettslae  that  Include  military  significance. 
Ors.  Gregory  Dasch,  Thomas  Jerrells,  Jim  Williams,  Emilio  Weiss,  and  I  are 
among  the  authors  of  the  various  chapters. 
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Table  2. 

Clinical  and  Serologic  Data  for  Sicilian  Patients 
with  Boutonneuse  Fever  Undergoing  Liver  Biopsy 


Patient 

Age/ Sex 

Tache  noire 

Rash 

Fever 

Acute 

Serol ogy 

Convalescent 

1 

43M 

0» 

♦  . 

160c 

N.D.d 

2 

74M 

♦ 

♦ 

♦ 

160 

160 

3 

66F 

* 

♦ 

♦ 

40 

N.O. 

4 

67F 

♦ 

♦ 

♦ 

N.O. 

320 

5 

86F 

'+ 

♦ 

♦ 

40 

160 

6 

68* 

♦ 

0 

♦ 

40 

N.O.  • 

7 

50F 

♦ 

♦ 

+ 

320 

1280 

a  -  present  c  -  reciprocal  of  Indirect  lawunofluorescent  antibody  titer 
against  R.  conorl 1 
b  -  absent  d  -  not  determined 


Table  3. 

Evaluation  ot'  Sicilian  Patients  with  Boutonneuse 
Fever  for  Hepatic  Involvement 


Patient 

LDHa 

ALTb 

AST* 

APd 

GGTe 

B11f 

day  of 
bx9 

Lesions 

IF 

R.  conorll 

1 

120 

15 

22 

139 

15 

normal 

1 

+h 

O1 

2 

259 

16 

20 

N.D. 

51 

normal 

3 

♦ 

0 

3 

390 

38 

30 

152 

normal 

1.1 

6 

+ 

0 

4 

251 

10 

14 

N.D. 

N.D. 

0.9 

13 

♦ 

0 

5 

255 

28 

18 

290 

18 

normal 

2 

♦ 

0 

6 

21C 

21 

18 

199 

N.D. 

normal 

2 

•f 

0 

7 

ti.D- 

85 

93 

477 

160 

1.0 

30 

■f 

0 

a  -  serum  lactate  dehydrogenase  (reference  Interval,  100-240  IU/1) 
b  -  serum  alanine  aminotransferase  (reference  Interval,  6-31  IU/1) 
c  -  serum  aspartate  aminotransferase  (reference  Interval,  6-31  IU/1) 
d  -  serum  alkaline  phosphatase  (reference  Interval,  60-170  UI/1) 
e  -  serum  gamma  glutamyl  transpeptidase  (reference  Interval,  4-18  IU/1) 
f  -  total  serum  bilirubin  (reference  Interval,  less  than  1.0  mg/dl) 
g  -  number  of  days  after  onset  of  fever 
h  -  presence  of  hepatic  lesions 
1  -  absence  of  Inwunofluorescent  R.  conorll 


Table  4. 

TA8t£;  Patients  Reported  with  Rocky  Mountain  spotted  Fever  Leading  to  Laparotomy 
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Conclusions: 


The  currently  recognized  high  rate  of  R.  conorll  Infections  In  Spain, 
Portugal,  France,  Israel,  and  Italy  Is  llkeTy  to  continue.  The  absence  of 
data  from  northern,  eastern,  and  western  Africa/  and  the  Middle  East  reflect 
the  failure  of  clinical  and  epidemiologic  systems  In  these  areas  to  focus 
the  necessary  laboratory  methods  and  organizational  efforts  on  the  problem. 
The  disease  Is  likely  to  be  or  to  become  an  Important  unrecognized  cause  of 
Incapacitating  febrile  Illness  In  these  areas.;  Boutonneuse  fever  Is  a 
neglected  disease  that  has  recently  attracted  Investigation  In  Sicily, 
Marseille,  and  Salamanca.  Collaborative  eiatlonshlps  with  these  labora¬ 
tories  encourages  study  of  the  epidemiologic,  clinical,  pathophysiologic, 
and  rlckettslologlc  questions  at  a  admirable  level  of  effort  and  expertise. 
This  contract  has  fostered  a  significant  part  of  this  result  and  can 
continue  to  play  an  Important  role  In  maintaining  enthusiasm  for  elucidating 
the  unknown  factors  that  boutonneuse  fever  encompasses. 

It  Is  probable  that  R.  conorl  1  Infections  are  a  greater  cause  of 
morbidity  and  mortality  than  is  now  appreciated^  In  Marseille,  Salamanca, 
Israel,  and  South  Africa,  severe  Illness  Is  regularly  recognized  In  a  sub¬ 
stantial  portion  of  those  affected.  The  application  of  immunofluorescence 
to  autopsy  specimens  is  revealing  the  rickettsial  and  cl Inlcopathologlc 
basis  for  the  pathophysiologic  observations  such  as  meningoencephalitis, 
hepatitis,  and  other  visceral  Involvement.  The  documentation  of  hepatic 
lesions  In  seven  consecutive  Sicilian  patients  with  hepatic  biopsies  during 
boutonneuse  fever  demonstrates  the  serious  nature  of  the  disease.  Tne 
recognition  that  boutonneuse  fever  may  cause  an i Incapacitating  febrile 
Illness  with  neither  rash  nor  tache  noire  suggests  that  the  high  Incidence 
of  antibodies  to  R.  conorll  In  various  populations  nay  very  well  be  due  to 
prior  undiagnosed  symptomatic  R.  conorll  Infection.  Specific  dignostic 
tests  are  not  applied  to  patients  who  do  not  present  at  least  some  of  the 
classic  manifestations  of  the  disease,  particularly  a  rash.  Such  a  situa¬ 
tion  Is  obviously  a  potential  threat  to  military  health  of  soldiers  In  the 
wide  geographic  distribution  of  R.  conorl  1 .  This  situation  Is  analogous  to 
the  problem  of  scrub  typhus  In  World  War  II,  e.g.  the  Assam-Burma  theater  of 
operations. 

Particular  problems  that  have  been  Identified  recently  are  the  frequent 
hepatic  Invol  vement,  1 1  fethreatenl ng  gastrointestinal  hemorrhage,  severity 
of  Illness  In  glucose-6-phosphate  dehydrogenase  deficient  men  even  If  they 
are  young  and  previously  healthy,  the  occurrence  of  cases  even  in  cold 
weather  months,  and  occurrence  of  familial  cases  that  suggest  "hot  spots*  of 
R.  conorl  1  endemlclty. 

Our  careful  study  of  the  tache  noires  has  elucidated  Important  factors 
In  the  pathogenesis  that  conform  to  current  clinical  features  of  R.  conorll 
pathogenesis:  1)  R.  conorll  Is  present  In  the  lesions  and  appears  to  play 
a  direct  cytopathlc  role  in  vascular  injury,  2)  vasculopathlc  edema  is  a 
major  pathophysiologic  effect,  3)  Ischemic  necrosis  Is  not  necessarily  the 
end  result  of  vascular  injury,  4)  thrombosis  Is  not  the  major  pathologic 
effect  of  vascular  Injury  and,  thus,  should  not  be  treated  with  anticoagula¬ 
tion,  and  5)  in  human  disease  the  local  antlrlckettslal  immune  and  Inflamma¬ 
tory  response  Is  predominantly  lymphocytes  and  macrophages. 

Electron  microscopy  and  immunofluorescence;  have  not  yet  demonstrated 
large  quantities  of  R.  conorl i  In  tache  noires  or  liver  biopsies.  Tie 
possible  explanations  Include:  1)  the  host  imnune  and  phagocytic  .esponse 
In  these  lesions  may  be  effective  zt  the  stage  of  illness  irften  oatlents  are 
referred  for  tertiary  subspecialty  medical  care*  2)  antlrlckettslal  anti- 
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microbial  therapy  may  have  been  administered  prior  to  collection  of  speci¬ 
mens,  3)  ultrastructural  sampling  may  be  a  problem.  Planned  approaches  to 
this  problem  are  attempts  ♦**  obtain  biopsies  from  patients  earlier  In  the 
course  and  assignment  of  labo*  'tory  personnel  to  the  task  of  greater  effort 
at  examining  samples  of  the  biopsies  by  electron  microscopy  and  utilization 
of  dep.^raff1n1zat1on  electron  microscopy  of  foci  In  paraffin  blocks  that  are 
demonstrated  to  contain  R.  conorl  1  by  Immunofluorescence.  More  skin  punches 
have  been  distributed  to  peripheral  collaborative  sites  and  more  collabora¬ 
tive  Institutions  have  been  recruited. 

Mouse  R.  conorl  1  hepatitis  is  a  good  model  for  human  boutonneuse  fever 
hematic  lesions!  The  mouse  model  should  be  examined  to  determine  the  target 
cell  type  and  host  Immune  response  by  lununohistochemlstry  and  electron 
microscopy  for  endothelial  cells,  B-cells,  T-cell  subsets,  and  macrophages. 
The  target  cell  of  Inmunodeflclent  murine  R.  conorii  hepatitis  is  a  good 
candidate  for  In  vivo  ultrastructural  evaluation  of  the  relationship  of 
rickettsial  quantity  to  cytopathol ogy  and  the  ultrastructural  features  of 
cytopathology. 

Other  mouse  models  of  SFG  rickettsial  infection  must  be  evaluated  for  a 
model  of  SFG  endothelial  Infection  and  Injury  In  or^er  to  correctly  investi¬ 
gate  pathogenesis,  pathophysiology,  and  Invnunlty. 

Monoclonal  antibodies  to  R.  conorii  have  been  developed  under  a 
separate  grant  from  the  NaltonaT  Institute  of  Allergy  and  Infectious 
diseases  and  will  be  characterized  as  to  their  molecular  targets  as  a 
function  of  the  purposes  of  that  research  project  on  rickettsial  antigens 
and  vaccine  devlopment.  These  monoclonals  should  be  used  to  study 
pathogenic  mechanism  of  R.  conorl 1  under  this  Army  contract  In  cell  cultrue 
ar«.  animal  models.  The  RTH  grant  does  not  have  the  funds  or  goals  to 
support  Investigation  of  specific  blocking  of  pathogenic  mechanises). 
However,  If  pathogenic  mechanisms  that  may  be  blocked  by  monoclonal  anti¬ 
bodies  are  discovered,  the  most  effective  approaches  to  prevention  and 
adjunctive  treatment  may  be  developed. 

Recomnendat^ons: 


1.  Offer  skin  biopsy  1mmunofiucrescent  demonstration  of  R.  conorl 1  In  tache 
noire  as  a  reference  military  laboratory  dignostic  test  for  boutonmr*"' 
Tever. 


2.  Study  the  rickettsial  hepatitis  of  boutonneuse  fever  and  experimental  R. 
conorii  Infection  as  models  for  visceral  tissue  injury  by  R.  conorl  1 . 

3.  Initiate  a  search  for  nonpathogenlc  R.  conorii  or  R.  conoril-1 ike 
Isolates  In  ticis  In  Sicily. 

4.  Develop  a  more  rapid,  quantifiable  assay  system  for  growth  of  and  cell 
Injury  by  R.  conorii  for  screening  amldlne  type  trypsin-1  Ike  protease 
Inhibitors  as  potential  prophylactic  or  adjunctive  therapeutic  agents. 

5.  Screen  amldlne  type  protease  inhibitors  for  Inhibition  of  cell  Injury  by 
R.  conorii . 


6.  Continue  studies  of  tache  nolres  for  role  of  thrombosis  in  cell  Injury 
and  specific  Identification  of  local  Immune  cell  types. 

7.  Continue  In  vitro  study  of  pathogenic  mechanisms  of  cell  Injury  by  R. 
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conorll. 

i.  Initiate  epldenlologlc  surveillance  of  troops  In  Spain,  Italy,  and  other 
places  In  the  geographic  distribution  of  R.  conorll  for  acute  cases  of 
boutonneuse  fever  and  for  seroprevalence  of  of  antibodies  to  R.  conorll. 

9.  Obtain  seroepldenlologlc  data  on  the  prevalence  of  R.  conorll  Infec¬ 
tion  in  Indigenous  populations  In  Africa  and  the  Middle  East. 
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Injury  restricted  to  cells  infected  with  spotted  fever  group 
rickettsiae  in  parabiotic  chambers 

D.  H.  Walker.  W.  T.  Firth.  Barbara  C.  Hegarty 


One  chamber  of  paired  parabiotic  chambers  separated  by  0.2  ptm  p» re¬ 
sized  membrane  filters  which  prevented  passage  of  rickettsiae  were  infected 
with  either  Rickettsia  rickettsii  or  R.  conorii.  Infected  VERO  cell  monolayers 
underwent  necrosis.  Uninfected  monolayers  in  adjoining  chambers  which 
shared  the  same  extracellular  milieu  including  soluble  rickettsial  products  did 
not  undergo  necrosis. 

Key  words:  Rickettsia  rickettsii;  Rickettsia  conorii:  rickettsial  pathogenesis; 
parabiotic  chamber. 
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The  hypothesis  that  cell  and  tissue  injury  are  mediated  by  a  rickettsial 
toxin  has  been  suggested  ( Moe  et  ai..  1976;  Murray.  1980)  although  an  exotoxin 
has  never  been  demonstrated  and  rickettsial  lipo polysaccharides  do  not  have 
potent  toxic  activity  (Schramek  et  al..  1977).  Much  of  the  confusion  concerning 
rickettsial  pathogenesis  is  the  result  of  the  name  given  to  the  phenomenon  of  the 
lethal  effect  of  large  doses  of  viable  rickettsiae  when  inoculated  intravenously 
into  mice  ( Bell  and  Pickens.  1953;  Gildenmeisterand  Haagen.  1940).  Tradition¬ 
ally.  this  rickettsial  laboratory  assay  has  been  termed  the  “mouse  toxin 
phenomenon”  although  it  cannot  be  produced  by  rickettsiae  that  are  metaboli- 
cally  inactive  or  dead  (Bovamick  and  Allen.  1954  and  1957).  and  this  toxicity 
has  never  been  produced  by  a  purified  component  of  rickettsiae. 

Recent  investigations  by  Winkler  and  coworkers  and  in  our  laboratory 
have  suggested  that  a  rickettsial  enzyme  may  mediate  rickettsial  injury  to  host 
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cell  membranes.  Phospholipase  activity  appears  to  play  an  important  role  in 
Rickettsia  /WYmore/bi-induced  hemolysis  (Winkler  and  Miller.  1980).  in  the 
immediate  cytotoxicity  of  a  large  inoculum  of  R.  prowazekii  on  ceil  monolayers 
(Winkler  and  Miller.  1982).  and  in  plaque  formation  by  R.  rickettsii  (Walker  et 
al..  1983).  Phospholipase  activity  is  a  plausible  hypothesis  for  explanation  of  the 
mouse  toxicity  phenomenon.  In  this  study  parabiotic  chambers  were  employed 
t  >  determine  whether  any  soluble  rickettsial  product  would  injure  uninfected 
cells  sharing  the  same  culture  medium  with  ceils  infected  and  killed  by  R. 
rickettsii 

-  *_ _ a  «»  a 

mnenni  ■■■  iwcwv 

Twenty  p*ir»  of  sterile  parabiotic  chamber*  ( Bctlco  Gla**.  Vineland.  NJ)  were  separated  by 
25  ran  diameter  cellulose  tnacctaic  membrane  filter*  (Gclman  Science*.  Ann  Arbor.  Ml)  with 
0.2  pm  pore  size  sealed  between  the  chambers  with  silicone  stopcock  grease.  CovcTsiips  measuring 
10.5x35  mm  were  placed  in  each  chamber  and  were  seeded  with  5x  I05  VERO  cells  (CDC  Tissue 
Culture  Unit.  Atlanta.  GA).  After  incubation  al  37*  C  in  minimum  essential  medium  with  5T  hcat- 
inactivaied  fetal  calf  serum  and  1 0*3  tryptose  phosphate  broth  for  24-48  h.  monolayers  were 
confluent.  The  medium  was  removed,  and  1 1  40  plague* forming  units  of  R.  nckeitsn  ( Sheila  Smith 
strain)  were  inoculated  into  one  chamber  of  each  of  13  pairs  of  parabiotic  chambers.  After  ?0-45 
min  for  adsorption  of  inoculum.  10  ml  of  the  same  medium  was  added.  Five  pairs  of  chambers  were 
not  inoculated  with  nckettsiae.  Coverdip*  from  adjoining  inoculated  and  untnoculated  chambers 
were  examined  for  evidence  of  cell  death  as  determined  by  trypan  blue  staining  (Garvey  et  al..  1977) 
on  days  3.  4.  5.  6  and  7  postmocuiation  and  for  presence  and  distribution  of  R.  rtrkritui  by  direct 
immunofluorescence  (Walker  and  Cam.  1980)  on  days  5.  6.  7  and  9  pmtmocuiation.  Untnoculated 
pairs  of  chambers  were  examined  as  control*  on  day  7  after  inoculation.  For  a  positive  toxin  control, 
one  chamber  of  each  of  two  pairs  was  inoculated  with  a  fresh  clinical  isolate  of  R\rud*tmnnas 
aentftmtM  with  examination  of  chambers  on  day  3  and  on  day  5  by  uypan  blue  staining.  In  a 
subsequent  experiment.  3b~3bO  plaque  forming  units  of  R.  roworfi  (strain  7)  were  inoculated  in  a 
similar  manner  into  one  of  the  matched  pairs  of  parabiotic  chambers  containing  coverslips  with 
monolayer*  of  VERO  cells.  The  coverslips  w  ere  examined  on  days  5  and  b  by  phase  contrast  micros¬ 
copy  after  trypan  blue  staining  and  then  after  acetone  fixation  by  direct  immunofluorescence  for 
rickcmue. 


By  day  3  after  inoculation,  foci  of  trypan  blue-stained  necrotic  cells  were 
present  in  the  parabiotic  chamber  inoculated  with  R.  rickettsii.  Over  the  suc¬ 
ceeding  days.  the  trypan  blue-stained  foci  appeared  to  enlarge  progressively.  By 
day  5  these  foci  consisted  of  25-50  necrotic  cells  admixed  with  an  equivalent 
quantity  of  viable  cells.  By  day  7  the  infection  had  become  confluent  and  con¬ 
tained  a  majority  of  necrotic  cells.  The  uninoculated  monolayers  both  in  cham¬ 
bers  adjoining  infected  cytopathic  cells  and  in  control  chambers  exhibited  a 
similar  appearance  with  only  a  few(<  1%).  single,  randomly  distributed  trypan 
blue-stained  cells.  The  presence  and  distribution  of  R.  rickettsii  as  determined 
by  immunofluorescence  correlated  with  the  distribution  of  cell  necrosis.  On 
days  5  and  7.  monolayers  were  examined  by  trypan  blue  staining  and  subse- 
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Fig.  I  Photomicrographs  of  (he  identical  microscopic  held  of  a  monolayer  in  a  parabiotic  chamber 
5  days  after  inoculation  with  Rickttiiia  rirkettsii.  Immunortuorcwcnt  demonstration  of  intense 
R.  nt  keasii  infection  in  the  lower  portion  of  the  Held  (left).  Trypan  blue-stained  necrotic  cells  are 
numerous  in  the  same  area  (right).  FITC-labeiled  anti- A.  nr/kerriri  rabbit  globulin  deft)  and  phase 
contrast  (right),  x  300 


quent  immunofluorescence  on  (he  same  monolayer  utilizing  a  microscope 
designed  for  both  phase  contrast  and  fluorescent  microscopy.  The  areas  of 
intense  rickettsial  infection  and  areas  of  trypan  blue  staining  coincided  ( Fig.  I ). 
No  rickettsiae  were  delected  in  adjoining  chambers  that  were  separated  by  the 
0.2  //m  filter.  The  monolayers  infected  with  R.  conorii showed  severe  cytopathic 
effect  but  with  less  necrosis  than  R.  rickensii  infected  monolayers  although 
nearly  all  of  the  cells  were  infected.  In  contrast,  the  adjacent  uninoculated 
monolayers  appeared  without  cytopathic  effect.  Validation  of  the  parabiotic 
chamber  toxin  model  was  provided  by  demonstration  of  progressive,  destruc¬ 
tion  of  the  monolayers  in  the  chamber  infected  with  P  aeruginosa  and  in  the 
uninfected  chamber  when  examined  on  days  3  and  5. 
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Discussion 

In  this  model  of  severe  cell  injury  and  cell  death  caused  by  spotted  fever 
group  rickettsiae.  uninfected  cells  of  the  same  type  as  those  injured  and  killed 
by  rickettsiae  were  exposed  to  the  same  extracellular  milieu  including  concen¬ 
tration  of  soluble  rickettsial  products  which  would  have  passed  freely  along 
with  other  macromolecules  through  the  02  pm  pore  filter.  None  of  these  ex¬ 
posed  yet  uninfected  cells  exhibited  any  more  cellular  necrosis  than  control 
monolayers  in  which  both  parabiotic  chambers  were  not  infected  with  rickett¬ 
siae.  These  data  argue  strongly  against  the  existence  of  an  important  rickettsial 
exotoxin  or  soluble  enzyme  analogous  to  the  phospholipase  of  Clostridium 
perfringens  in  the  pathogenesis  of  cell  injury  by  R.  rickettsii. 

These  data  are  compatible  with  the  proposed  phospholipase-associated 
penetraiion  mechanism  of  cell  injury  by  rickettsiae.  R.  prowazekii  requires 
attachment  to  erythrocytes  for  accomplishing  rickettsial  hemolysis  (Ramm  and 
Winkler.  1973  and  1976;  Winkler.  1977).  R.  rickettsii  appears  to  require  attach¬ 
ment  to  cells  by  the  cholesterol-containing  receptor  in  the  plaque  model  to  exert 
cell  injury  (Walker  et  al..  1983).  Thus,  prevention  of  passage  of  spotted  fever 
group  rickettsiae  from  one  chamber  to  the  adjoining  chamber  by  the  0.2  ^m 
pore-size  filter  would  limit  the  phospholipase-associated  penetration  mechan¬ 
ism  to  the  infected  chamber.  The  more  extensive  frank  necrosis  with  R.  rickettsii 
infection  than  with  R.  conorii  correlates  with  the  greater  incidence  of  complica¬ 
tions  and  mortality  in  Rocky  Mountain  spotted  fever  than  in  boutonneuse 
fever. 

This  in  vitro  experiment  does  not  exclude  the  possibility  of  a  role  for  endo¬ 
toxin  in  Rocky  Mountain  spotted  fever  although  the  data  for  a  lipopolysac- 
charide  with  in  vivo  endotoxin  activity  for  rickettsiae  are  weak.  Classical  endo¬ 
toxin  pathogenic  mechanisms  involve  in  vivo  host-mediated  mechanisms 
dependent  on  polymorphonuclear  leukocytes  and  coagulation:  these  host- 
mediated  pathogenic  elements  were  not  tested  in  this  parabiotic  chamber 
model. 

This  parabiotic  chamber  model  was  chosen  over  exposure  of  uninfected 
monolayers  to  filtered  supernatant  of  rickettsia-infected  cells.  Since  the  para¬ 
biotic  system  compares  the  effect  of  the  products  of  rickettsial  infection  over  the 
same  time  course  and  concentrations  as  of  the  monolayer  with  rickettsial  cyto- 
pathic  effect,  its  negative  results  may  be  interpreted  as  valid.  In  contrast,  acute 
exposure  of  monolayer  to  filtered  supernatant  would  not  reflect  such  a  dynamic 
interaction. 

The  formation  of  enlarging  foci  of  infection  and  necrosis  occurs  in  this 
model  with  fluid  medium  that  allows  release  of  rickettsiae  from  infected  cells 
into  the  medium  and  spread  to  infect  randomly  any  cell  of  the  monolayer.  The 
contiguity  of  most  infected  and  injured  cells  suggests  that  cell-to-cell  spread  of 
rickettsiae  may  be  important  in  the  pathogenesis  of  spotted  fever  group  rickett- 
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sioses.  This  contiguous  distribution  of  rickettsia-infected  and  injured  cells  is 
analogous  to  our  observations  of  rickettsial  distribution  in  human  Rocky 
Mountain  spotted  fever  (Adams  and  Walker,  1981;  Walker  et  al..  1978)  and  is 
compatible  with  the  proposed  mechanism  of  injury  by  the  phospholipase-asso¬ 
ciated  penetration  mechanism.  Fuaher  experiments  should  be  designed  to  ex¬ 
ploit  this  and  other  direct  rickettsial  mechanisms  of  cytotoxicity  other  than 
soluble  exotoxins  and  enzymes. 
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Summary.  —  In  order  to  determine  the  definitive  importance 
of  T-  and  B-lymphocytes  in  immunity  to  Rickettsia  couorii,  mice 
genetically  deficient  in  T-cells,  B-cella,  or  both  T-  and  B-cells 
were  infected  experimentally.  T-lyraphocytes  rather  than  humoral 
antibodies  were  crucial  to  rickettsial  clearance  and  a  reduced 
mortality  rate.  Mice  incapable  of  an  antibody  response  to  poly¬ 
saccharide  capsular  antigens  effectively  controlled  rickettsial 
infection  with  no  mortality.  In  contrast,  nude  mice  produced 
antibody  to  thymus-independent  antigens  early  in  the  course  of 
infection,  yet  experienced  severe  rickettsial  infection  resulting  in 
deaths.  The  observed  hepatic  lesions  are  similar  to  those  of 
boutonneuse  fever.  This  model  offers  the  opportunity  to  investi¬ 
gate  rickettsial  immune  mechanisms  and  hepatic  injury. 

Key  mortis:  T -lymphocytes;  B-lymphocytes ;  Rickettsia  conorii; 
boutonneuse  fever;  liver 


Introduction 

The  pathologic  lesions  of  the  tache  noire  and  rash  of  boutonneuse  fever 
and  the  inoculation  site  in  guinea  pigs  experimentally  infected  with  Rickettsia 
eononi  contain  rickettsiae  infecting  the  vascular  endothelium  and  leukocytes 
of  the  immune  and  phagocytic  systems  (Montenegro  et  al.,  198 3a;  b).  The 
roles  of  each  of  these  elements  (rickettsiae  and  host  response)  in  the  patho¬ 
genesis  of  tissue  injury  were  not  determined.  Likewise,  the  relative  con¬ 
tribution  of  thymus  dependent  (T)  lymphocytes  and  B-lymphocytes  to 
immune  recovery  from  R.  conorii  infection  has  not  been  defined.  Investi¬ 
gations  by  K  ikorin  and  co-workers  suggested  that  T-lvmphocytes  are  im¬ 
portant  for  immunity  to  R.  conorii  (Kokorin  et  <d.,  1982).  Inbred  DBA/2 
mice  were  immunoeuppressed  by  cyclophosphamide  treatment  and  infected 
with  R  eononi ;  the  animals  were  given  spleen  cells  from  immune  and  non- 
immune  donors.  They  demonstrated  that  immune  spleen  cells  conferred 
protection  and  suggested  that  the  T-lymphocyte  was  crucial  foi  the  de- 
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velopment  of  immunity  cgainat  R.  conorii.  This  conduaion  was  based  on 
the  loss  of  protection  after  pretreatment  of  transferred  immune  spleen  cells 
with  antibodies  inactivating  T-cells. 

Our  work  was  designed  to  examine  further  the  relative  importance  of 
T-and  B-lymphocytes  in  the  pathogenesis  and  immunity  to  R.  conorii.  We 
used  mice  genetically  deficient  in  T-cells,  B-cella  as  well  as  in  both  T-  and 
B-cella,  inoculated  by  intradermal  route  to  examine  the  presence  of  rickettaiae 
and  pathologic  lesions  at  the  inoculation  site  and  in  systemic  tissues. 

Materials  and  Methods 

AnimnU.  Thirty  mice  (|WOU*i)  provided  by  Dr*  Don  Mickey,  University  of  North  Carotin* 
at  Chapel  Hill),  included  mx  441-day-old  male  B-lyrnpbocyte  deficient  (NIH  II)  mice  (Group  t) 
(Amshaugh  rt  rti..  1972).  six  4fi-day-o4d  male  T-lymphocjte  <Mir«*nt  (NIH  nude)  mice  (Group  II), 
nix  4fi-*iay  otd  T-  and  B-lymphoryt*  deficient  (NIH  II)  mice  (Group  III)  (Ar.ar  rt  a/.,  1980) 
and  twelve  62-day -old  male  Swiss  out  bred  immunological  I  y  intact  mice  (Group  IV).  Kach  group 
was  housed  in  a  separate  cage  except  Group  IV  which  w*a  divided  hetween  two  eager. 

RickrtUnnc.  Rickntoio  conorii  (strain  7)  was  obtained  from  ATCC  aa  a  froxen  40%  yolk  sac 
suspension.  Stock  R,  conorii  was  prepared  by  inoculation  of  the  yolk  sac  of  5-day-old  specific 
pathogen- free  embryonated  hen  s  egg*  and  harvested  1  day*  later.  Aliquots  were  stored  frown  at 
—  70  °C  a*  a  10%  suspension  in  sucrose  phosphate  buffer.  These  aliquot*  contained  6  x  |(H  PFU/ml 
when  titrated  in  primary  chick  embryo  cel!  (CKC)  culture. 

Srmlo*fy.  .Serum  was  evaluates!  for  antibodies  to  R.  conorii  by  indirect  immunofiuorearent  anti* 
body  assay  (Philip  rt  t»i..  1976)  using  microdots  of  R.  conorii  (strain  7)  cultivated  in  rabbit 
kidney-13  (RK-13)  cell*.  Slate*  with  mtrrodots  were  air-dried,  fixed  in  acetone  for  10  min. 
and  stored  froxen  at  —  70  Serial  dilution*  of  mouse  sera  were  inou  hated  on  miens  lots  for 
30  mm  at  room  tcmrieratiirr  m  a  moist  chamber.  Hlsle*  were  washed  in  phosphate  buffered 
saline  (PBS)  for  30mm.  reacted  with  fiuoresr'in  isot hHx*yanatr.«imjugatcd  rabbit  anti-mouse 
immunoglobulin  (I)AKO,  Accurate  Chemical  and  Scientific  Omqiany.  Westlmry.  N.Y.).  diluted 
l  :  20,  wa*hed  in  PBH  again,  ami  mounted  in  90%  glycerol  m  PBS.  Slide*  were  examined  on 
a  Letts  Ortholux  ultraviolet  microscope  with  inculent  beam  ilium  mat  am  equipped  with  barrier 
anil  exciter  filter*  for  F1T(\ 

HiMoifHpf  ntui  immunohiMnchrmtMr^  for  npottni  freer  group  rickrtt*inr.  At  the  time  of  death, 
the  inoculation  site.  spleen.  ami  liver  were  collccti-d,  fixeil  in  4%  neutral  buffered  formal' iehyile 
for  24  nr.  embedded  into  paraffin.  ami  cut  at  4  pm.  Sections  were  stained  with  hematoxylm-eosm 
ami  by  the  Brown- Hopjs*  method.  Other  sect  sms  were  examined  for  R.  conorii  by  immuno* 
fluorescence  using  a  direct  conpi^pife  for  spotted  fever  group  nckettsiae  (Hebert  rt  of.,  I960) 
after  <!c  paraffin  (ration  ami  trypsin  digestion  (Walker  ami  (’am.  1979;  Montenegro  rt  *il..  1 983*1.  6). 

K r prri mrntoi  f/wipt,  Five  animals  from  each  t\ pe  of  immunmieflcient  mice  and  ten  intact 
Swis*  mice  were  inoculated  with  0.2  ml  of  suspension  containing  1.2  >  104  PFU  of  R.  conorii. 
One  animal  in  each  of  the  six  cage*  was  marked  for  identification  and  inoculated  with  0.2  mi 
of  medium  containing  no  nckettsiee.  On  day  3  one  infc  *ted  animal  from  each  gr.up  was  sacrificed 
by  collecting  blood  from  the  heart  under  sodium -pentobarbital  anesthesia.  On  day  7  two  mfe.-ted 
animals  and  one  control  animal  from  each  group  and  on  day  15  Hie  remaimier  of  Hie  animal* 
were  similarly  exsanguinated.  Serum  was  separated  from  dotted  blood.  Serum  specimen*  from 
the  *ame  animal  group  collected  on  the  same  day  were  pooled. 

Remits 

Mortality  due  to  R.  conorii  infection  *u  observed  only  in  T-cell  deficient 
mice  (2  deaths)  and  T-  and  B-oell  deficient  mice  (1  death).  The  content  of 
rickettaiae  in  tissues  also  followed  the  same  pattern  with  more  R.  conorii 
in  the  livers  and  spleens  of  the  T-cell  deficient  mice  and  T-  and  B-eell  deficient 
mice  than  in  the  B-cell  deficient  mice  and  normal  mice  (Table  1).  The  humoral 
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Animils 

Day  3 

Live4  8 plant 

Day  7 

Liv«r  8pbwn 

Day  IS 

Liver  Spin 

B-deficient 

0 

0 

+  * 

o.a* 

0 

• 

T-deficient 

0 

0 

+  -*-  + 

31 

0 

9 

T-  •mi  B-defirient 

0 

0 

+  4  + 

J6 

0 

<1 

Normal 

0 

0 

4 

j.a 

0 

9 

a  —  All  akin  Munpiei  cont«uMKl  R.  emmmrii  ot a  cky»  3  and  7.  Non*  had  nokrttwie  detarlrnl 
on  <lay  13. 

b  —  0,  no  nckrttaiae;  +  ,  few  nckettstaa  identified;  -+■  -•»  -f,  many  hckettmae  identified, 
o  —  Number  of  R.  conoriif  magnification  flekl  40 X. 


immune  responses  to  antigens  of  R.  conarii  are  shown  in  Table  2.  The  absence 
of  antibodies  to  R.  conorii  in  B-defieient  animals  on  day  7  and  their  delayed 
appearance  on  day  15  is  consistent  with  a  deficiency  but  not  total  absence 
of  functional  B-lymphocytes.  The  brisk  production  of  antibodies  by  the 
T-cell  deficient  animals  is  presumably  directed  against  T-independent  carbo¬ 
hydrate-containing  antigens.  The  mice  that  were  deficient  in  both  T-  and 
B-iymphocytes  were  incapable  of  producing  any  antibodies. 


Tahir  1  latlhody  wnfww  la  nrirr  fahrOl  with  Rlehnuta  mimHI1 


Animal* 

n»y  7 

Day  13 

0 

4  4- 

T-<lefi<*wnt 

4-  -*> 

-u 

T -  nntl  B-defieient 

0 

0 

Normal 

4- 

4  4. 

Control 

N.D. 

0 

•  —  *>♦  <  I  j  1G;  +.  1  :  Ifi;  +  1  :  123-1  :  1,024;  N.D.,  not  done 


Hematogenous  spread  of  rickettsiae  to  liver  resulted  in  multifocal  hepato¬ 
cellular  necrosis  and  surrounding  inflammatory  lesions  in  all  groups  of  mice. 
These  lesions  comprised  lobular  foci  of  polymorphonuclear  leukocytes  and 
macrophages  on  day  3.  By  day  7  they  had  increased  in  number  and  assumed 
a  granuloma-like  appearance.  Hepatocellular  necrosis  and  admixture  of 
polymorphonuclear  leukocytes  were  more  prominent  in  the  T-deficient  and 
B-  and  T-deficient  mice  (Fig.  1).  These  granuloma-like  lesions  persisted 
althogh  less  numerous  in  all  animals  on  day  15.  The  lesions  at  the  inoculation 
site  were  similar  in  all  rickettsia-inoculated  animals. 
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Diaerution 

Presented  experiment*  in  genetically  immunodeficient  mice  document  the 
importance  of  T-lymphocytes  in  the  clearance  of  R.  conorii  from  the  tissues 
of  infected  mice.  On  day  7  the  spleen*  and  liven  of  T-cell  deficient  as  well 
as  of  T-  and  B-cell  deficient  mice  contained  numerous  rickettsiae,  whereas 
animals  with  an  intact  T-iymphocyte  immune  system  contained  very  few 
rickettsiae  in  their  hepatic  and  splenic  tissues.  The  only  animals  that  died 
as  a  result  of  R.  conorii  infection  in  these  studies  were  those  deficient  in 
T-lymphocytes  whether  or  not  they  had  B-Iymphocytes.  These  results 
support  the  conclusion  of  Kokorin  et  al.  (1982)  that  T-lymphocytes  confer 
protection  against  R.  conorii  infection  in  mice.  Our  resuits,  however,  do  not 
rely  upon  general  immunosuppression  after  cyclophosphamide  treatment, 
a  drug  which  affects  many  tissues  including  not  only  T-  and  B-Iymphocytes 
but  also  proliferating  cells  of  the  bone  marrow  and  other  tissues,  and  re¬ 
constitution  with  a  mixture  of  mouse  spleen  cells  that  were  either  untreated 
or  depleted  of  lymphocytes  by  an  absorbed  polyclonal  antiserum  principally 
designed  to  affect  T-lymphocytes.  Instead,  these  studies  employed  genetically 
immunodeficient  mice  that  have  deficiencies  of  specific  components  of  the 
immune  system. 

Moreover,  the  generation  of  a  humoral  immune  response  in  our  experiments 
did  not  correlate  with  clearance  of  rickettsiae  and  protection  from  death. 
T-lymphocyte  deficient  nude  mice  synthesized  antibodies  to  R.  conorii 
detectable  on  day  7  at  which  time  the  visceral  organa  contained  many 
rickettsiae.  Despite  the  presence  of  antibodies  in  these  animals,  mortality 
was  observed.  Nevertheless,  B-lymphocyte  deficient  mice  had  no  antibodies 
and  yet  had  effectively  restricted  rickettsial  proliferation  in  the  liver  and 
spleen  on  day  7;  moreover,  none  of  these  mice  died.  These  observations 
conform  to  the  conclusions  of  previous  studies  on  immunity  to  members  of 
the  genus  Rickettsia,  namely  that  T-lymphocytes  are  crucial  for  immunity 
(Shirai  et  al.,  1976;  Walker  and  Henderson,  1978;  Murphy  ci  al.,  1979; 
Kenyon  and  Pedersen,  1980;  Kokorin  et  al.,  1982). 

It  is  important  to  note  that  this  does  not  exclude  an  auxiliary  role  for 
antibodies  in  opsonizing  rickettsiae  for  phagocytosis  and  digestion  particularly 
by  macrophages  (Gambrill  and  Wisseman,  1973;  Beaman  and  Wisseman, 
1976)  or  for  specific  antibodies  to  particular  rickettsial  proteins,  e.g.  a  protein 
for  attachment  to  host  cells  prior  to  entry  into  the  cell,  in  blocking  rickettsial 
penetration  or  another  rickettsial  function  of  pathogenic  mechanism.  Jerrells 
and  Eisemann  (1983)  have  suggested  that  the  antibodies  produced  by  nude 
mice  to  spotted  fever  group  rickettsiae  may  be  directed  to  the  polysaccharide- 
-containing  slime  layer  described  by  Silverman  <t  al.  (1978).  Neverthe'ess, 
this  strain  of  B-deficient  mice  that  has  been  shown  to  be  defective  in  the 
production  of  antibodies  to  pneumococcal  capsular  polysaccharide  (Amsbaugh 
et  al.,  1972)  effectively  clears  its  tissues  of.  R.  conorii.  Protection  in  guinea 
pigs  against  R.  rickettsii  by  specific  antibodies  to  a  surface  protein  has  been 
shown  by  Anacker  et  al.  (1983)  and  by  monoclonal  antibodies  to  surface 
antigens  to  Rickettsia  rickettsii  (Lange,  1983,  personal  communication). 
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However,  the  natural  generation  of  antibodies  after  initiation  of  infection 
does  not  seem  to  be  as  effective  as  incubation  of  rickettsiae  with  antibodies 
prior  to  inoculation  (Anacker  et  ai.,  1983)  or  prophylactic  administration 
off  antibodies  (Ricketts  and  Gomes,  1908;  Topping,  1940). 

jThe  mechanism  by  which  T-lymphocytes  confer  immunity  against  rickett- 
sike  has  been  suggested  by  recent  in  vitro  studies  of  lymphokines  (Nacy 
and  Meltzer,  1979;  Nacy  and  Osterman,  1979;  Meltzer  and  Nacy,  1980; 
Mleltzer  et  ai..  1982;  Turco  and  Winkler,  1983a,  b,  c;  Wisseman  and  Waddell, 
1983).  Lymphokines,  y-interferon  in  particular,  exert  rickettsioststic  effects 
on  intracellular  organisms  not  only  in  macrophages  but  also  in  fibroblasts 
and  endothelial  cells.  Further  evaluation  of  the  importance  of  y-interferon 
in  vivo  supports  this  as  an  important  mechanism  by  which  T-lymphocytes 
serve  as  a  crucial  host  defense  against  rickettsiae  (Palmer  et  al.,  1984). 

|The  immune  response  has  not  been  shown  in  this  or  previous  studies  to 
bf  a  pathogenic  mechanism  of  tissue  injury  in  infections  by  members  of 
the  genus  Rickettsia  (Moe  et  ai.,  1976;  Mosher  et  al.,  1977;  Walker  and  Hen¬ 
derson,  1978;  Kenyon  and  Pederson,  1980;  Kokorin  et  ai..  1982).  The  cytolytic 
effect  of  lymphokines  on  rickettsia-infected  cells  in  vitro  again  raises  the 
question  of  an  immunopathologic  mechanism  of  tissue  and  cellular  injury 
in  rickettsial  diseases  (Turco  and  Winkler.  1983a,  b:  Wisseman  and  Waddell, 
1983).  Although  this  investigation  does  not  exclude  a  contribution  to  cell 
injury  bv  lymphokine-mediated  evtolvsis,  it  does  document  that  in  the 
oVerall  balance  the  T-lymphocvte  affords  protection  against  R.  rimorii. 
Other  studies  including  the  in  vitro  plaque  mode!  have  demonstrated  that 
rickettsiae  possess  direct  cytopathic  activity  that 
ai  least  in  part  by  the  phospholipase-associated 
(Walker  and  Cain,  1980;  Winkler  and  .Miller,  1982; 
is  active  in  the  absence  of  the  immune  system. 

The  similarity  of  the  hepatic  lesions  of  these  animals  to  hepatic  lesions 
in  boutonneuse  fever  contributes  to  understandfng  of  the  pathogenesis  of 
the  human  lesions  of  multifocal  hepatocellular  necrosis  and  associated  focal 
hepatic  inflammatory  response  (Guardia  et  ai.,  1974;  Faure  et  ai.,  1977; 
Walker,  Staiti,  and  Mansueto,  unpublished  data).  The  finding  of  R.  ccmorii 
in  these  lesions  in  mice  suKgests  that  the  rickettsiae  play  an  important  role 
in  their  pathogenesis.  The  immunodehcient  mouse  model  of  R.  ccmorii 
infection  should  be  useful  in  further  dissection  of  pathogenic  mechanisms 
of  hepatic  injury  by  R.  ccmorii  and  in  evaluation  of  the  importance  of 
stimulation  of  each  component  of  the  immune  system  by  specific  purified 
rickettsial  antigens  in  protective  immunity  and  vaccine  design. 


appears  to  lie  mediated 
penetration  mechanism 
Walker  et  al.,  1983)  and 


Reference* 

D.  F..  Hnnnnri.  (*.  T..  Prvwoott.  H..  Stmhak.  P.  \V..  Barthold  I).  R..  ami  Raker,  P.  J. 
(197?):  (Ww»tw*  control  of  ilw*  nnfihnvly  r»-«f>nn*r  tt»  typo  II!  pncrniococcal  i»olyjMW*ch*ri<lc 
in  mice.  1.  Evidence  that  an  t  linked  tfene  plnv*  a  ilecinve  role  in  determining  re*j>on*iv  ene**. 
J.  fjp.  M*t.  KM.  931-949. 

AJnaeker.  H.  L,  Philip,  R.  SM  (.’aaper,  E.,  Todd,  \V.  J.,  Mann,  R.  E..  Johnnton,  M.  R..  and 
j  Natick,  C.  J.  (1983):  Biological  proper!  w»*  of  rabbit  antibodies  tv*  a  aorface  antigen  of  RirkeWtut 
rid(,W/«».  Infect.  Immun.  441,  29?  —  29k. 


if.  COSORII  IN  IMMTNODEFICTKNT  MICE 


S13 


Aur,  H.  A..  Hiikwa,  C.  T..  and  Costa.  J.  (1990):  X:XIH(8)II-nu/nu  rain*  with  combined 
immunodeficiency;  A  new  model  for  human  tumor  heterotranaplantation.  J.  mitm.  Concur 
In*.  IS.  421  —  430. 

Beaman,  L.,  and  Wwetnaa.  C.  L..  Jr.  (1979):  Mechanisms  of  immunity  in  typhus  infect iocva. 
VI.  Difhrratiai  opMuiung  and  neutralizing  action  of  human  typhus  rickettsia- specific  cyto- 
phtlic  antibodies  in  cultures  of  human  macrophages.  / nfeet.  Immun.  14.  1071  —  1078. 

Faure,  J..  Escande,  J.  C..  Grataloup,  G..  Massot.  C..  and  Faure.  H.  (1977):  Hepatite  grtauio* 
mate  use  rickettsiennc  intcret  tie  la  biopsie  hepatique.  AW.  Press*  Medical*  9,  2999. 

Gambnil.  M.  R..  and  Wi«*eman,  C.  L,  Jr.  ( 1973):  Mechanisms  of  immunity  in  typhus  infections. 
III.  Influence  of  human  immune  serum  ami  complement  on  the  fate  of  Rickettsia  mooseri 
within  human  macrophages.  Infect.  Immun.  8.  831  —  940. 

Guard ta.  J..  Martinez- Vazquez.  J.  M..  Moragas.  A..  Rey,  C..  Vilaeeca.  J..  Tomos.  J..  Beltran,  M., 
and  Ba4*«rdi,  R.  (1974):  The  liver  in  boufnnmMu**  fever.  Cut  IS,  549  -Ml. 

Hebert.  G.  A..  Tzianahos.  T..  Gamble.  W.  C..  ami  Chaw  tel  I.  A.  (1990):  IVvrlopmrnt  anti 
characterization  o»  high-titered,  group- Mftecific  fluorescent-antibody  reagents  for  direct  iden- 
tification  of  rickettsiae  in  climcal  upecimen*.  J.  din.  Alicrdnoi.  tl,  503  —  507. 

Jarrell*.  T.  R.,  ami  Eisemann,  C.  H.  (19H3):  Koto  of  T-lymphocyte*  in  production  of  antibody 
to  antigens  of  Rickettsui  tsutsngomuski  ami  ot  1st  Rickrttsin  species,  /s/erf.  immun.  41 , 889  —  974. 

Kenyon.  R.  H..  and  I'alfrwn.  C.  E.  Jr.  (1980):  Immune  responses  to  Rickettsia  nknri  infection 
in  congenitally  athymic  nmie  mse,  Infect.  Immun.  29,  310  —  313. 

Kokorin.  I.  X.,  Kabanova.  E.  A..  Shirokova.  E.  M..  Abrosimova,  G.  E.,  Rybkina,  X.  X.  and 
Pushkarrva,  V.  I.  (1992):  Roto  of  T  Ivmphorvtes  in  Ricketts ia  coaeni  infection.  .4cto  riml.  29. 
91  -  97. 

Meltzer.  M.  S.,  ami  Xacv,  C.  A.  (1990):  Macrophages  in  resistance  to  rickettsial  infection:  Sus¬ 
ceptibility  to  tothal  effect*  of  Rickettsi* i  nknri  infection  in  mouse  strains  with  defective  macro¬ 
phage  function.  Cell  Immunol.  5-1.  497  —490. 

Mcitxer,  M.  S. .  Nary,  (\  A..  .Stevenson.  M.  M.,  ami  Skamcne.  E.  (1992):  Macrophages  in  resistance 
to  rickettsial  infections;  Genetic  anal>'*M  of  susceptibility  to  tothal  effects  of  Rickettsia  nkaei 
infection  ami  ilevelopment  of  activated,  cytotoxic  macro  phages  in  A  ami  BI0.A  mice.  J. 
Immunol.  129.  1719  —  1723. 

Moe.  J.  B.,  Mosher.  I).  F..  Kenyon.  K.  H.,  White,  J.  0.,  Stookey,  J.  L.,  Bagiev,  !,.  R..  and 
Fine,  I).  P.  ( 1970):  Functional  ami  moqihologiral  changes  during  experimental  Rocky  Mountain 
spotted  fever  in  guinea  pigs.  Ijnb.  Inrest.  35.  235—  245. 

Montenegro,  M.  R.,  Hegarty,  B.  (\.  Tnngali,  G.,  and  Walker,  D.  H'.  (1983.1):  Identification 
of  Rickettsia  eottorii  in  tissues  by  immun. ifluorearenee.  Acin  Met  tit.  Pnfoi.  Inf.  Trap.  2,  181  —  169. 

Montenegro.  M.  R..  Mansoeto.  8..  Wegarty,  B.  t\,  and  Walker,  I).  H.  (19935):  The  histology 
of  “tar he*  noire*”  of  boutonneuse  fever  and  demonstration  of  Rickettsia  conorii  in  them 
by  immumifiuorewcence.  Yirckou-s  Are  hie.  499,  309  —  317. 

Mosher,  !>.  F.,  Fine.  |).  P.,  Mis*.  J.  B..  Kenyon.  K.  H..  Ruch,  O.  L.  (1977):  .Studies  of  the  co¬ 
agulation  and  complement  systems  during  experimental  Rocky  Mountain  spotted  fever  in 
rhesus  monkeys.  J .  infect.  IK*.  155,  985  989. 

Murphy,  J.  K..  Wisseman,  C.  L.,  Jr.,  and  Fleet.  P.  (1979):  Mechanisms  of  immunity  in  typhus 
infection:  Adoptive  transfer  of  immunity  to  Rickettsia  mooseri.  Infeet.  Immun.  24,  387—393. 

Nscy,  f*.  A.,  awl  Meltser,  M.  S.  (1979):  Macrophages  in  resistance  to  rickettsial  infection:  Macro¬ 
phage  activation  ta  eiiro  for  killing  of  Rickettsia  fsutsugttmuskt .  J.  Immunol.  125,  2544—  2549. 

Nacy,  <\  A.,  and  Meltzer.  M.  S.  (1982):  Macrophages  in  resistance  to  rickettsial  infection:  Strains 
of  m«i»  susceptible  to  the  lethal  effect*  of  Rickettsia  nknri  show  defective  macrophage  nckett- 
sicidal  activity  in  vitro.  Infect.  Immun.  59,  1098—  1 101. 

Nscy,  C.  A.,  and  Osterman.  J.  V.  (1979):  Host  defenses  in  experimental  scrub  ♦yphus:  rote 
of  normal  and  activated  macrophage*.  Infeet.  Immun.  24,  744—754). 

Palmer,  B.  A.,  Hetrick.  F.  M..  and  Jerrells,  T.  J.  (1984):  Production  of  gamma  inter!,  h  in 
mice  immune  to  Rickettsia  tsuisuqomushi.  Infeet.  Immun.  45,  69—65. 

Philip,  R.  X.,  Casper,  E.  A.,  Ormsbee,  R.  A.,  Peacock,  M.  Q.,  and  Burgdorfer.  W.  (1978):  Micro- 
immunofluorescence  test  for  the  serological  study  of  Rocky  Mountain  spotted  fever  and 

|  typhus.  J.  ctin.  Microbiol.  3,  51  -61. 

Ricketts.  H.  T.,  and  Gome*.  (1908):  Studies  on  immunity  m  Rocky  Mountain  spotted  fever. 

|  First  communication.  J.  inject.  Dis.  3,  221  —  224. 


514 


MONTEXKUKO,  M.  K.  H  mi. 


Nhirvi,  A.,  ('tlanuro,  P.  J„  Phillip*.  8.  M.,  et  al.  (1978):  Hwt  Jefriwwi  in  experimental  arruh 
tjrphiu:  Roio  of  cellular  immunity  in  bH«mio^ouK  protection.  Inject.  Immun .  14.  39  —  48. 

8*1  vermeil.  p  j  (  ttWtmn.  (’,  L.,  Waidell,  A.  I)..  Jone*.  M.  ( 1978):  External  layer*  of  /KobOwi 
peouwel ;ti:  Ow-urrm»r  of  a  dime  layer.  Inject.  Immun.  22.  233—  248. 

Topping.  X.  H.  (1940):  Rocky  Mountain  spotted  fever.  Treatment  of  infrctod  laboratory  animal* 
with  immune  rabbit  serum.  Public  Health  Report*  33.  41  —40. 

Turro,  J..  and  Winklrr.  H.  H.  (1983n):  Companion  of  the  propertiea  of  antirveketbnaJ  activity 
and  interferon  in  mouse  lyntfihokine*.  Inject.  Immun.  12.  27—32. 

Turro,  J.,  and  Winkler.  H.  H.  (19838):  Inhibition  of  the  growth  of  Rickettsia  pemcozekii  in 
cultured  fihvnhJaat*  by  lyraphokine*.  J.  exp.  Med.  137,  974—988. 

Turoo.  J..  and  Winkler.  H.  H.  (I9H3c):  Cloned  motue  interferoo-y  inhabita  the  growth  of  Rickettsia 
prouxuekii  in  cultured  mouse  fibroblast*.  J.  exp.  Med.  151,  2159—  2164. 

Walker.  I).  H.,  ami  Cain.  B.  (1.  (1979):  A  method  for  specific  diagnosis  of  Rocky  Mountain 
•potted  fever  on  fixed.  paraffin-emliedded  (muff  by  immunofluorescence.  J.  inject.  Die.  137* 
208  -  209. 

Walker.  1J.  H.,  and  Hemleraon.  F.  W.  (1978):  Effect  of  immumwupprewuon  on  Rickettsia  ricketteii 
infection  in  guinea  pig*.  Inject.  I  mm  an.  29.  221  -  227. 

Walker,  D.  H.,  Firth,  W.  T.,  Ballard,  J.  G..  ami  Hegaxty,  B.  C.  (1983):  Role  of  phospholipase- 
associated  penetration  mechamam  m  cell  injury  by  Rickettsia  rickettsii.  Inject .  Immun.  Ml, 
840-842. 

Winkler.  H.  H.,  and  Miller,  E.  T.  (1982):  Phoapholi|iaee  A  ami  the  interaction  of  Rickettsia 
peoeretteki  ami  mouse  fibroblast*  (L.-929  cell*).  Inject.  Immun.  28,  109—113. 

WuMeman.  C.  L.,  Jr.,  and  Waddell,  A.  (1983):  Interferon -like  factor*  from  antigen-  and  mitogen* 
-«t imulated  human  leukocyte*  with  antirackettnial  ami  cytolytic  action*  on  Rickettsia  pro¬ 
mote  k*i.  J.  exp.  Med.  157,  1780-  1793. 


? 


* 

f 


Explanation  to  Micrographs  (Plate  LXIX):  • 

Fig.  I.  (luitOTn  of  itnnmnofluorc*cent  Rickettsia  conorii  (arrow*)  in  a  T-cell  deficient  rnoune, 
(a)  spleen  (left)  and  (b)  liver  granuloma  fright)  7  day*  after  inoculation.  Anti-npotted  fever 
group  nckettsiae  FJTC- label led  conjugate,  '  373;  e)  Ijojath’  cell  nrrrww  surrounded  by 
nodular  accumulation  of  polymorphonuclear  leukocyte*  and  r,***ro  phage*  in  a  T-cell  deficient 
mouse  7  ‘lay*  after  inoculation  with  Rickettsia  conorti.  Hematoxylin -eostn  stain;  X  375. 
Bar  represent*  10  pin. 
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CORRELATION  OF  THE  DISTRIBUTION  OF 
RICKETTSIA  CONORII .  MICROSCOPIC  LESIONS,  AND  CLINICAL 
FEATURES  IN  SOUTH  AFRICAN  TICK  BITE  FEVER 

DAVID  H.  WALKER  a>o  J.  H.  S.  GEAR 
Department  of  Pathology,  Untnei-uty  of  North  Carolina.  Chapel  Hill. 

North  Carolina  27514  (USA)  and  The  South  African  Institute 
of  Medical  Research.  Johannesburg  (South  Africa) 

Abstract.  Three  South  African  patients  with  severe  Rickettsia  conorii  infection  had 
complicated  courses  of  illness  with  2  fetal  cases  and  1  with  gangrene  of  multiple  digits. 
Immunofluorescent  organisms  of  R.  conorii  were  demonstrated  in  vascular  endothelium 
of  brain,  leptomeninges,  renal  glomerular  arterioles  and  capillaries,  renal  arteries  and  veins, 
myocardial  capillaries  and  arteries,  pulmonary  alveolar  capillaries,  pancreatic  septa,  splenic 
arterioles,  and  dermis  Rickettsiae  were  also  observed  in  hepatic  sinusoidal  '.tiling  cells, 
splenic  and  lymph  node  macrophages,  and  the  blood  vessels  of  the  partially  viable  zone 
of  the  amputated  digits.  Pathologic  lesions  included  cerebral  and  cerebellar  perivascular 
mononuclear  leukocytes,  mild  mononuclear  leptomeningitis  glomerular  arteriotitis  vas¬ 
cular  and  perivascular  mononuclear  cell-rich  inflammatory  foci  in  the  kidney,  pancreas 
skin,  and  myocardium,  hepatocellular  necrosis  and  pulmonary  edema  The  sites  of  lesions 
and  rickettsiae  showed  strong  topographical  correlation.  Thrombi  and  hemorrhage  occurred 
in  a  minority  of  the  sites  of  vascular  injury  .  Rickettsiae  were  the  apparent  direct  cause  of 
meningoencephalitis  peripheral  gangrene,  and  other  foci  of  v«scular  injury.  Fatal  R.  conorii 
infection  with  disseminated  organ  involvement  emphasizes  the  pathogenic  potential  of  this 
disease. 


Rickettsia  conorii.  a  member  of  the  spotted 
fever  group  of  rickettsiae.  is  distributed  widely 
through  southern  Europe.  Africa,  and  the  Middle 
East,  Strains  of  R.  conorii  from  this  broad  geo¬ 
graphic  distribution  have  been  assigned  to  this 
species  on  the  basis  of  quantitative  measure¬ 
ments  oi’  the  capability  of  antisera  to  neutralize 
the  lethal  effect  of  intravenous  inoculations  of 
the  respective  rickettsiae. 1  The  disease  caused  by 
R.  conorii  has  borne  various  names  reflecting  the 
geographic  occurrence  including  Mediterranean 
spotted  fever,  Kenya  tick  typhus.  South  Africa  -  • 
tick  bite  fever,  and  India  tick  typhus.  The  mr 
ecologjc  niche  o»  the  rickettsiae  affecting  rr  _n  is 
the  dog  tick,  Rhipicephalus  sanguineus  which 
maintains  the  rickettsia  by  transnvz/ial  trans¬ 
mission  and  transmits  the  rickeusia  to  man  by 
its  bite.  Other  ticks  which  have  been  reported  to 
harbor  R.  cononi  include  members  of  the  genera 
Rhipicephalus.  Ixodes.  Dermaccntor,  Hyalom- 
ma.  Ambtyomma.  and  Hemaphysaiis.  It  is  pos¬ 
sible  that  some  rickettsial  genetic  diversity  may 


exist  among  these  geographic  and  ecologic 
sources.  Although  human  infection  with  R.  co¬ 
norii  is  generally  considered  to  be  a  self-limited 
illness  of  moderate  severity,  the  range  of  clinical 
seventy  contains  subjects  with  antibodies  to  R. 
conorii  and  no  history  of  febrile  exanthem,1 3  a 
patient  with  tache  noire  and  no  other  signs  or 
symptoms,4  patients  with  severe  manifestations 
such  as  acute  renal  failure,  neurologic  signs,  or 
peripheral  gangrene,3*7  and  fetal  cases.4-*  Severe 
cases  have  been  observed  in  Israel,  South  Africa, 
France,  and  Italy.  Host  factors  which  may  affect 
the  severity  of  illness  are  giucose-6-phosphate 
dehydrogenase  deficiency*  and  older  age.4-*  Spe¬ 
cific  rickettsial  virulence  factors  have  not  yet  been 
identified.  The  pathologic  alterations  associated 
with  human  R.  conorii  infection  have  been  re¬ 
ported  only  in  skin  and  liver.'®-13- 13-  “  We  de¬ 
scribe  the  pathology  and  rickettsial  distribution 
in  the  central  nei  vous  system,  kidney,  liver,  heart, 
lung,  spleen,  lymph  node,  pancreas,  adrenal,  and 
skin.  These  are  the  first  descriptions  of  the  pa¬ 
thology  and  rickettsiae  in  the  tissues  of  fetal  R. 
conorii  infection. 
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materials  and  methoos  monocytes  and  7%  lymphocytes,  platelet  count 


Paraffin  sections  of  tissues  from  3  cases  of 
South  African  tick  bite  fever  were  stained  by 
routine  hcmatoxylin-eosin  method,  phospho- 
tungstic  ccid-hematoxylin  technique,  and  depar- 
affinization-trypsin  digestion-immunofluores¬ 
cence  method  with  a  conjugate  reactive  with  R. 
conorii  as  reported  in  detail  previously.12- 12  Tis¬ 
sues  examined  were  cerebrum,  cerebellum,  kid¬ 
ney,  liver,  spleen,  heart,  lung,  lymph  node,  and 
adrenal  gland  (Case  1);  cerebrum,  kidney,  liver, 
spleen,  heart,  lung,  and  pancreas  (Case  2f,  and 
gangrenous  digits  (Case  3).  Positive  control  tis¬ 
sues  for  ft.  conorii  immunofluorescence  included 
eschar  from  guinea  pig  inoculated  intradermally 
with  P.  ct»-.rii  (strain  7).  eschars  from  patients 
wit2,  serologically  documented  bouton neuse  fe¬ 
ver.  and  liver  tissue  from  nude  mouse  inoculated 
with  ft.  conorii  (strain  7). 


RESULTS 

Clinical  observations 

j 

Case  l.  A  54-year-old  miner  employed  on  one 
of  the  gold  mines  of  the  Witwatersrand  became 
ill  with  "flu-like”  symptoms  of  headache,  muscle 
pain  and  fever.  He  became  worse  on  each  suc¬ 
ceeding  day  and  on  the  fourth  day  developed  a 
profuse  rash  and  was  admitted  to  the  hospital. 
On  the  ninth  day,  the  rash  became  hemorrhagic, 
and  he  was  transfered  to  the  Rietfontein  Fever 
Hospital  near  Johannesburg. 

On  admission  he  was  desperately  ill.  being 
semicomatose  with  stertorous  breathing.  An  ex¬ 
tensive  hemorrhagic  maculopapular  rash  cov¬ 
ered  his  body.  A  nonpurulent  ulcer  was  seen  in 
the  middle  of  his  back.  His  tongue  was  coated 
and  palate  covered  with  blood-stained  mucus. 
His  chest  sounds  were  obscured  by  stertorous 
breathing,  heart  rate  was  100/min,  and  blood 
pressure,  140/80  mm  Hg.  He  had  slight  neck  and 
back  stiffness.  His  deep  tendon  ref-exes  were  brisk, 
and  the  Babinski  sign  was  flexor.  I:  was  suspected 
that  he  had  tick  bite  fever. 

Because  of  renal  failure  and  urgent  need  for 
dialysis,  he  was  transfered  to  the  intensive  care 
unit  in  the  Johannesburg  Hospital,  but  died  soon 
after  admission. 

Laboratory  data  included  hemoglobin  1 5  g/dl, 
white  blood  cell  count  1 0,500/ ul  with  86%  neu¬ 
trophils,  many  showing  toxic  granulation.  7% 


65,000/jd,  prothrombin  index  68%,  serum  so¬ 
dium  121  mEq/1,  serum  potassium  4.9  mEq/1, 
Mood  glucose  22  mg/dl.  Mood  urea  42  mmol/L, 
and  creatinine  415  amoi/l.  His  urine  contained 
numerous  red  Mood  ceils  and  white  Mood  cells, 
protein,  and  glucose.  His  cerebrospinal  fluid  was 
slightly  xanthochromic  and  contained  1 ,280  red 
Mood  cells,  3  neutrophils,  1 1  lymphocytes,  pro¬ 
tein  93  mg/dl,  and  glucose  1 1.2  mmol/1.  No  bac¬ 
teria  were  observed  and  bacterial  culture  yielded 
no  growth.  Virus  was  not  isolated  from  his  blood 
by  the  inoculation  of  litters  of  baby  mice  and 
tissue  cultures.  Two  adult  male  guinea  pigs  in¬ 
oculated  with  his  Mood  on  the  day  of  admission 
to  Rietfontein  Hospital  developed  a  slight  fever 
associated  with  a  slight  scrotal  reaction.  No  pas¬ 
sages  were  made.  When  their  sera  were  tested  a 
month  later  in  the  rickettsial  complement  fixa¬ 
tion  test,  a  positive  reaction  with  Rickettsia  con¬ 
orii  var.  pijperi  antigen  was  noted,  thus  confirm¬ 
ing  the  clinical  diagnosis  of  South  African  tick 
Mte  fever. 

It  was  subsequently  ascertained  that  his  family 
owned  a  dog  which  was  allowed  indoors  and  to 
sleep  on  the  patient's  bed.  It  was  dipped  regularly 
to  rid  it  of  the  ticks  which  it  acquired  in  the 
vicinity  of  the  house.  The  patient  had  com¬ 
plained  of  a  “pimple"  in  the  middle  of  his  back 
4  or  5  days  before  he  became  ill.  A  piaster  was 
put  on  it  and  when  it  was  removed  left  a  non¬ 
purulent  sore.  It  seems  likely  that  this  was  the 
primary  lesion  of  tick  Mte  fever  and  that  the  tick 
responsible  for  transmining  the  infection  came 
from  the  dog  sleeping  on  his  bed. 

Case  2.  A  65-year-old  man,  after  returning  to 
his  home  in  Hillcrest.  Durban,  from  a  holiday 
in  the  inland  farming  district  of  Mooi  River,  be¬ 
came  ill  with  high  fever  and  severe  headache.  He 
became  delirious  and  developed  a  profuse  mac¬ 
ulopapular  rash  which  became  hemorrhagic.  Be¬ 
cause  of  his  rash  and  other  signs  of  a  hemorrhagic 
state,  the  possiMlity  of  one  of  the  African  hem¬ 
orrhagic  fevers  was  considered.  In  spite  of  all 
treatment,  he  died  about  14  days  after  the  onset 
of  his  illness.  At  postmortem,  specimens  were 
taken  from  the  varous  organs  and  tissues.  Serum 
specimens  separated  from  blood  taken  on  1 8  and 
25  August,  the  day  before  he  died,  were  also 
evaluated.  Indirect  immunofluorescent  tests  for 
antibodies  to  Lassa.  Marburg  Ebola.  Crimean- 
Congo,  and  Rift  Valley  fever  viruses  gave  neg¬ 
ative  results  with  bom  serum  specimens.  The 
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complement  fixation  tests  for  antibodies  to  ru¬ 
beola  and  herpes  simplex  viruses  were  not  di¬ 
agnostic.  but  the  complement  fixation  test  dem¬ 
onstrated  a  rise  in  antibody  titer  to  antigens  of 
R.  conorii  var.  pijperi  from  1:8  on  18  August  to 
1:64  on  23  August. 

Cose  3.  A  73-year-old  English-bom  widow  had 
rheumatic  fever  when  7  years  old.  but  had  no 
heart  trouble  after  the  attack.  She  had  come  to 
South  Africa  about  3  years  prior  to  '.he  onset  of 
illness  and  lived  in  a  suburb  north  of  Johannes¬ 
burg.  She  had  2  dogs  which  were  restricted  to 
her  garden  but  were  allowed  indoors.  In  May 
1980  she  was  admitted  to  the  hospital  for  a  chest 
infection  which  responded  well  to  antibiotic 
treatment.  At  that  time  she  was  found  to  have 
mitral  stenosis  and  regurgitation  and  subse¬ 
quently  experienced  mild  symptoms  of  shortness 
of  breath  and  palpitations. 

About  a  week  before  admission  to  the  hospital, 
she  felt  tired  and  complained  of  muscle  and  joint 
pains.  Her  daughter  noted  that  she  had  been  fe¬ 
verish  and  delirious  for  2  nights.  After  develop¬ 
ing  a  profuse  rash,  she  was  admitted  to  the  Jo¬ 
hannesburg  Hospital  with  a  provisional  diagnosis 
of  septicemia. 

At  admission  on  5  October  1980.  she  was 
somewhat  confused.  Her  temperature  was  39*C, 
pulse  rate  (at  times  irregular)  was  120/min.  and 
blood  pressure,  94/50  mm  Hg.  She  had  an  ex¬ 
tensive  maculopapular  rash  on  a  background  of 
cyanotic  suffusion  of  the  skin  with  scattered  pe- 
techiae  and  ecchymoses,  especially  marked  pe¬ 
ripherally.  The  capillary  fragility  test  was  posi¬ 
tive.  She  had  slight  neck  stifTness  and  muscle 
tenderness.  Theie  was  slight  cardiomegaly .  a  short 
systolic  and  a  mid-diastolic  murmur  and  atrial 
fibrillation.  Her  liver  was  slightly  enlarged  and 
tender,  but  her  spleen  was  not  palpable.  Infective 
endocarditis  was  suspected,  and  she  was  treated 
with  large  doses  of  antibiotics.  Laboratory  data 
incuded  5  negative  blood  cultures  taken  before 
the  institution  of  antibiotic  treatment,  presence 
of  fibrin  degradation  products  in  pla>  ma  gross 
hematuria  with  many  red  cell  casts,  and  blood 
creatinine  520  wmol/l.  Her  condition  continued 
to  deteriorate,  and  she  became  stuporous  and 
then  lapsed  into  a  coma.  On  the  fourth  day  of 
hospitalization,  the  clinical  findings  were  re¬ 
viewed.  The  diagnosis  was  changed  to  tick  bite 
fever,  and  treatment  with  500  mg  tetracycline 
every  6  hr  was  initiated.  The  patient  defervesced 
during  the  next  3  days,  but  her  condition  re- 


Ficure  I.  Photomicrographs  of  immunofluores- 
cenl  R.  cononi  demonstrated  by  anti-spotted  fevergroup 
rickettsial  conjugate  in  fatal  South  African  tick  bite 
fever.  A.  Rickettsiae  in  endothelial  location  of  a  renal 
blood  vessel  in  Case  2.  >375.  B.  Rickettsiae  in  the 
cytoplasm  of  a  macrophage  in  the  marginal  sinus  of  a 
lymph  node  in  Case  1.  >380. 


mained  grave.  She  developed  gangrene  of  all  her 
finger  tips  except  for  the  left  small  finger  and 
thumb  and  of  her  second  and  third  toes  of  her 
left  foot.  On  13  November  the  gangrenous  tissue 
was  amputated.  The  postoperative  course  was 
uneventful,  and  she  was  discharged  relatively  well. 
The  Weil  Felix  test  revealed  seroconversion  by 
Proteus  OX  1 9  agglutination,  thus  suggesting  the 
diagnosis  of  a  rickettsial  disease. 

Immunofluorescence  observations 

Thin,  bright  green  immunofiuorescent  organ¬ 
isms  were  observed  only  in  the  locations  of  vas¬ 
cular  endothelium  in  many  sites  (Fig.  I  A)  and 
of  macrophages  in  hepatic  and  splenic  sinusoids 
and  lymph  node  sinuses  (Fig.  IB).  Nonspecific 
staining  of  host  tissues  was  not  seen.  In  Case  1 
the  brain  contained  numerous  rickettsiae  in  ce¬ 
rebral  and  cerebellar  blood  vessels  and  foci  of 
rickettsiae  in  the  subarachnoid  location  of  the 
leptomeninges.  Rickettsiae  were  observed  in  glo¬ 
merular  arterioles  and  capillary  tufts,  intertu¬ 
bular  blood  vessels,  and  arterial  endothelium.  In 
the  liver,  rickettsiae  were  identified  only  in  a  few 
sinusoidal  lining  cells;  no  rickettsiae  were  seen 
in  hepatocytes.  Splenic  rickettsiae  appeared  to 
be  in  macrophages  and  arteriolar  endothelium. 
Few  foci  of  R.  conorii  were  observed  in  capil¬ 
laries  between  myocardial  cells,  pulmonary  ai- 
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Figure  2.  Photon  icrogniphs  of  brain  from  fatal 
South  African  tick  bite  fever  (Case  2)  thawing  peri¬ 
vascular  infiltration  of  the  neuropil  by  mononuclear 
leukocytes,  hematoaylin-eosin  stain.  *  240.  L  set,  Im- 
munofluorescent  R.  cononi  (originally  bright  green)  in 
a  cerebral  blood  vessel  from  the  same  patient.  Auto- 
fluorescence  in  the  neuropil  represents  neuronal  lipo- 
fuscin  (originally  orange),  anti-SFG  rickettsial  conju¬ 
gate,  *375. 


veolar  septa,  and  macrophages  within  marginal 
and  draining. sinuses  of  a  lymph  node.  No  rick- 
ettsiae  were  demonstrated  in  adrenal  gland  but 
were  present  in  blood  vessels  in  pen  ad  renal  adi¬ 
pose  and  connective  tissue. 

In  Case  2,  numerous  rickettsiae  infected  ce¬ 
rebral  blood  vessels  (Fig,  2,  inset),  glomerular 
arterioles  and  capillary  tufts  (Fig.  3),  renal  arte¬ 
rial  endothelium,  and  intertubular  blood  vessels 
near  the  corticomedullary  junction  (Fig.  4).  Few 
hepatic  rickettsiae  were  observed  in  scattered  si¬ 
nusoidal  lining  cells.  In  spleen,  rickettsiae  were 
identified  in  arterk  lar  endothelium  and  macro¬ 
phages  in  small  quautities  and  in  one  medium¬ 
sized  artery  in  a  large  amount.  In  the  heart,  a  few 


Figure  3.  Photomicrograph  of  renal  glomerulus  in 
Case  2  with  numerous  immunofluorescent  R.  cononi 
in  the  walls  of  the  glomerular  arteriole  and  capillary 
tufts.  Anti-SFG  rickettsial  conjugate.  *375. 


foci  of  rickettsiae  were  present  in  arterial  endo¬ 
thelium  and  capillaries  between  myocardial  fi¬ 
bers.  Very  few  rickettsiae  infected  pulmonary  al¬ 
veolar  capillaries.  Small  foci  of  rickettsiae  were 
seen  in  capillaries  and  septal  blood  vessels  of  the 
pancreas  and  blood  vessels  in  the  dermis  of  slcin. 

In  Case  3,  several  foci  containing  numerous 
R.  conorii  were  identified  in  the  injured,  partially 
necrotic  blood  vessels  at  the  margin  between  vi¬ 
able  and  necrotic  tissue  (Fig.  5).  Rickettsiae  were 
not  observed  in  the  mummified  necrotic  zone  or 
in  the  zone  of  healthy  tissue. 

Microscopic  lesions 

In  Case  1,  the  cerebrum  and  cerebellum  con¬ 
tained  numerous  foci  of  perivascular  mononu¬ 
clear  cells  some  cf  which  infiltrated  the  adjacent 
neuropil.  There  was  widespread  enlargement  of 
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Figure  4.  Photomicrograph  of  numerous  immu- 
nofluorescent  R.  conorii  in  a  focus  of  vasculitis  and 
perivasculitis  near  the  corticomedullary  junction  of  'he 
kidney  in  Case  2.  Antj-SFG  rickettsial  conjugate,  *  235. 


endothelial  cells  and  a  diffuse  mild  increase  in 
microglial  cells  infiltrating  the  neuropil.  The  sub¬ 
arachnoid  space  had  a  mild  hemorrhage  with 
etythrophagocytosis  by  macrophages.  The  kid¬ 
ney  was  severely  autolyiic,  but  multiple  foci  cf 
mononuclear  leukocytic  vasculitis  could  be  iden¬ 
tified  in  the  outer  part  of  the  medulla  near  the 
corticomedullary  junction.  Hepatic  lesions  in¬ 
cluded  multifocal,  randomly  distributed  coagu- 
lative  necrosis  of  solitary  hepatocytes  (Fig.  6), 
few  polymorphonuclear  leukocytes  and  moder¬ 
ate  quantities  of  small  lymphocytes  in  portal 
triads,  mild  steatosis,  moderate  congestion,  and 
mild  sinusoidal  leukocytosis.  There  were  no  he¬ 
patic  granulomas,  portal  vascuhtis,  or  leukocytic 
accumulation  around  necrotic  hepatocytes. 
Matching  of  serial  sections  by  bright-field  mi¬ 
croscopy  and  immunofluorescence  demonstrat¬ 
ed  necrotic  hepatocytes  adjacent  to  infected  si¬ 
nusoidal  lining  cells  and  R.  conorii  within  splenic 
arterioles  that  contained  thrombi  and  karyor- 
rhectic  debris.  The  red  pulp  was  congested,  and 
no  germinal  centers  were  observed.  The  myo¬ 
cardium  contained  a  few  foci  of  interstitial  leu¬ 
kocytes,  predominantly  mononuclear  cells.  Lung 
lesions  included  protein-rich  pulmonary  edema, 
congestion,  focal  nonocclusive  thrombosis,  focal 
acute  pneumonia  with  alveolar  polymorphonu¬ 
clear  leukocytic  exudate,  and  foci  of  fibrosis  con- 


Figure  5.  Photomicrograph  of  numerous  R.  co~ 
norti  in  a  Wood  vessel  of  the  partially  viable  re ne  of 
an  amputated  gangrenous  finger  (Case  3).  The  Word 
vessel  is  narrowed  by  a  nonocclusive  thrombus.  Anti- 
SFG  rickettsial  conjugate,  x  235. 

taming  carbon  pigment  and  birefringent  silica 
crystals.  Lymph  nodes  also  contained  anthra- 
cosilicotic  fibrosis.  There  were  foci  of  adreno¬ 
cortical  necrosis  with  surrounding  leukocytic  re¬ 
sponse,  and  tw  '  penadrenal  arteries  had  foci  of 
acute  vascular  welt  necrosis  (Fig.  7). 


Figure  6.  Photomicrograph  ofliver(Case  1 )  shows 
an  example  of  a  rounded,  shrunken  necronc  hepatocyte 
(Councilman-like  body).  Hematoxyim-eosin  stain, 
x  380. 
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Figure  10.  Photomicrograph  of  skin  from  Case  2 
shows  severe  vascular  injury  with  a  nonocclusive  lu¬ 
minal  thrombus.  Hematoxylin-eosin  stain,  x  240. 


hemorrhage  and  polymorphonuclear  leukocytes 
and  plasma  cells  in  the  red  pulp.  The  lungs  were 
congested  with  intraalveolar  amorphous  eosin¬ 
ophilic  material  compatible  with  pulmonary 
edema,  scattered  intraalveolar  erythrocytes,  and 


deposits  of  carbon  pigment.  The  pancreas  was 
autolyzed.  but  contained  a  focus  of  identifiable 
perivascular  mononuclear  cell  infiltrate.  The  skin 
showed  mu'tifocal  dermal  and  subcutaneous 
vasculitis  with  perivascular  edema  and  leuko¬ 
cytes  including  polymorphonuclear  leukocytes. 
Two  dermal  blood  vessels  contained  thrombi  that 
did  not  occlude  the  lumina  (Fig.  10). 

In  Case  3,  the  amputated  fingers  had  3  zones: 
mummified  necrotic  tissue,  a  viable  margin  at 
the  line  of  resection,  and  an  intervening  partially 
viable  zone.  The  partially  viable  zone  contained 
thrombosed  blood  vessels  which  consisted  of  a 
mixture  of  viable  and  necrotic  cells  (Fig.  1 1  A). 
The  tissue  at  the  line  of  resection  was  a  healthy 
band  of  granulation  tissue  containing  recanaiized 
thrombosed  vessels  with  a  remnant  of  mono¬ 
nuclear  inflammatory  cells  (Fig.  1 1 B).  Few  mor¬ 
phologic  details  were  discernible  in  the  mum¬ 
mified  necrotic  area. 

DISCUSSION 

The  three  cases  of  South  African  tick  bite  fever 
illustrate  many  of  the  diagnostic  and  clinical 
proolems  of  infection  with  ixodid  tick-transmit¬ 
ted  R.  conorii  var.  pijperi.  The  diagnosis  of  tick 
bite  fever  is  made  provisionally  by  epidemio- 


Figijre  1 1 .  Photomicrographs  of  tissue  from  the  amputated  gangrenous  fingers  in  Case  3.  Both  hematoxylin- 

eosm  sum.  *210.  A.  A  nonocclusive  luminal  _ tains  several  morphologically  intact  cells  allhough 

cells  of  the  vessel  wall  are  necrotic  as  determined  by  nucleolysis.  This  focus  contained  immunofluoreternt  R. 
conoru.  B.  A  healing  blood  vessel  with  a  recanalired  luminal  thrombus,  fibroblasts,  and  remnants  of  mononuclear 
inflammation  in  the  excised  margin  of  viable  tissue.  This  region  contained  no  R.  conoru  organisms. 
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logic  and  clinical  observations,  treatment  with 
tetracycline  is  administered,  and  subsequently 
the  diagnosis  is  confirmed  by  laboratory  meth¬ 
ods.  The  patients  often  give  a  history  of  having 
been  camping  or  picknicking  in  the  bushveld, 
where  ticks  abound,  one  week  before  becoming 
ilL  Clinically  the  diagnosis  is  suggested  by  the 
presentation  of  a  primary  sore  with  a  black  ne¬ 
crotic  center,  associated  especially  in  severe  cases 
with  tender  regional  lymphadenitis,  fever,  and 
the  development  of  a  maculo papular  rash  on  the 
third  to  fifth  day  of  illness.  The  diagnosis  can  be 
confirmed  in  the  laboratory  by  serology,  by  the 
isolation  of  the  causative  rickertsiae,  and  by  im- 
munofluorescent  demonstration  of  spotted  fever 
rickettsiae  in  a  biopsy  of  the  eschar  or  rash.11-1'* 
Reliance  is  usually  placed  on  the  results  of  the 
serological  tests;  however,  these  tests  usually  do 
not  give  positive  results  until  after  the  tenth  day 
of  illness,  isolation  and  characterization  of  R. 
conorii  by  intraperitoneal  inoculation  of  guinea 
pigs  with  the  patient’s  blood  is  performed  only 
in  specialized  laboratories.  As  the  specific  im- 
munofluorescent  demonstration  of  spotted  fever 
rickettsiae  in  skin  biopsies  is  only  available  in  a 
few  laboratories,  the  earily  diagnosis  in  most  cases 
of  tick  bite  fever  must  be  based  on  the  clinical 
findings.  Treatment  with  tetracycline  or  chlor¬ 
amphenicol  should  be  initiated  immediately  to 
avoid  the  pathologic  consequences  illustrated  in 
these  patients. 

In  a  typical  case,  the  clinical  course  is  char¬ 
acterized  by  complaint  first  of  lassitude  most 
marked  in  the  evening  A  feeling  of  chillness  with 
slight  rigors  may  then  occur,  and  the  patient  de¬ 
velops  fever  and  headache,  which  may  become 
so  severe  as  to  be  almost  unbearable.  The  patient 
may  complain  of  insomnia  and  become  deliri¬ 
ous,  most  often  at  night.  The  temperature  falls 
on  about  the  tenth  day.  In  children  and  young 
adults,  there  are  few  complications  and  recovery 
is  rapid.  In  the  absence  of  treatment,  compli¬ 
cations  are  frequent  in  older  patients  and  may 
occur  even  with  treatment. 

The  pathologic  lesions  and  pathophysiology  of 
fatal  Rocky  Mountain  spotted  fever  (RMSF)  and 
South  African  tick  bite  fever  have  both  similar¬ 
ities  and  distinct  differences.  In  general,  the  pat¬ 
tern  of  mononuclear  leukocyte- rich  infiltration 
of  the  infected  blood  vessel  wall  and  perivascular 
space  is  the  basic  lesion  «n  most  affected  organs 
in  both  RMSF  and  these  two  fatal  cases  of  R. 
conorii  infection.  Severely  ill  patients  with  either 


disease  may  develop  a  hemorrhagic  state  with 
bleeding  into  the  elements  of  the  rash,  petechial 
hemorrhage  and  purpura  of  the  skin,  and  bleed¬ 
ing  from  needle  puncture  wounds  and  from  the 
mucous  membranes.  The  hemorrhagic  state  may 
be  associated  with  a  marked  thrombocytopenia, 
prolonged  prothrombin  time,  and  evidence  of  a 
consumption  coagulopathy.  The  lesions  in  the 
central  nervous  system  from  both  diseases  re¬ 
semble  the  classic  Fran  kefs  nodules  of  typhus 
fever  with  cells  compatible  with  macrophages 
and  small  and  large  lymphocytes  permeating  the 
perivascular  neuropil. '*•'*  A  mild  leptomenin¬ 
gitis  is  observed  in  both  rickettsioses.  The  cere¬ 
brospinal  fluid  in  Case  1  reflected  the  rickettsial 
meningoencephalitis  with  mild  pleocytosis  and 
elevated  protein  concentration.  Clinically,  there 
may  also  be  marked  involvement  of  the  central 
nervous  system  in  both  South  African  tick  bite 
fever  and  RMSF,  progressing  from  severe  head¬ 
ache  to  mental  confusion,  delirium  and  coma. 
Other  analogous  lesions  include  multifocal  peri¬ 
vascular  interstitial  nephritis,20- 21  focal  intersti¬ 
tial  myocarditis,22-11  dermal  and  subcutaneous 
vasculitis  in  the  skin  of  the  rash,  eschar,  and 
peripheral  gangrene'0'12- 2*- 25  and  vasculitis  in  the 
pancreatic  interlobular  septa2*  and  periadrenal 
adipose  tissue.  Lesions  which  were  observed  in 
fatal  R.  conorii  infection  and  are  not  character¬ 
istic  of  RMSF  are  necrotizing  glomerular 
anteriolitis20- 2)- 22  and  multifocal  necrosis  of  sin¬ 
gle  hepatocytes.  Although  hepatocellular  necro¬ 
sis  other  than  centn lobular  necrosis  was  present 
in  5  of  9  fatal  cases  of  RMSF2*  in  one  series  and 
in  7  of  16  cases  in  another  series  (M.  Jackson 
and  W.  D.  Bradford,  Duke  University  Medical 
Center.  C.  Kirkman  and  D.  H.  Walker,  personal 
communications),  the  major  hepatic  lesions  of 
RMSF,  portal  vasculitis  and  triaditis,  were  not 
observed  in  the  two  patients  presented.  Clini- 
ca'ly,  hepatic  involvement  is  reflected  in  some 
cases  of  R.  conorii  infection  by  jaundice  and  in¬ 
creased  levels  of  blood  bilirubin  and  hepatic  en¬ 
zymes.  The  other  major  difference  is  the  presence 
of  interstitial  pneumonia  in  RMSF2*  w  and  its 
absence  in  South  African  tick  bite  fever. 

The  distribution  of  lesions  correlates  with  the 
locations  of  rickettsiae  in  each  disease.  Thus,  the 
pulmonary  capillaries  and  other  small  pvimo- 
nary  blood  vessels  are  infected  with  numerous 
R.  rickettsii  in  RMSF,  but  there  were  few  R. 
conorii  infecting  the  pulmonary  microcircula¬ 
tion.2*  Conversely,  the  glomerular  arterioles  in 
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South  African  tick  bite  fever  were  the  sites  of 
intense  R.  conorii  infection  and  necrotizing  vas¬ 
culitis  but  are  not  a  target  in  RMSF.20- J1- 27  In 
both,  renal  failure  may  be  reflected  by  rising  blood 
urea  and  creatinine  levels  and  ultimately  anuria. 
The  location  of  R.  conorii  and  lesions  correlated 
well  in  brain,  meninges,  liver,  kidney,  heart, 
spleen,  skin,  pancreas,  and  periadrenal  arteries. 
These  general  observations  were  confirmed  in 
specific  foci  where  R.  conorii  were  observed  in 
serial  sections  of  loci  of  vascular  injury.  Thus, 
these  data  support  the  theory  of  direct  rickettsial 
injury  of  the  parasitized  cells  proposed  by 
Wolbach24  which  is  also  supported  by  recent  in 
vitro  experiments.31"”  A  discrepancy  in  the  cor¬ 
respondence  of  the  injured  cell  and  parasitized 
cell  is  noted  in  the  liver.  The  description  of  R. 
conorii  infection  of  sinusoidal  lining  cells  is  the 
first  report  of  direct  rickettsial  infection  of  the 
liver  in  this  disease;  nevertheless,  necrosis  occurs 
in  the  hepatocyte  adjacent  to  the  infected  sinu¬ 
soidal  lining  cell.  The  mechanism  by  which  this 
injury  to  the  hepjatocyte  is  mediated  is  not  ap¬ 
parent.  Previous  investigations  of  lesions  in  he¬ 
patic  biopsies  have  demonstrated  accumulations 
of  leukocytes  in  foci  of  hepatocellular  necro¬ 
sis.”'  14  We  have  been  unable  to  demonstrate  in¬ 
tact  R.  conorii  in  any  of  these  inflammatory  le¬ 
sions  in  human  liver  biopjsies.  Experimental 
infections  of  mice  with  R.  conorii  have  suggested 
that  immune  mechanisms  clear  the  rickettsiae 
efficiently  from  the  foci  of  hepatocellular  necrosis 
and  inflammation  of  mice  with  intact  T-lym- 
phocytes  while  these  lesions  in  T-cell-deficient 
mice  contain  numerous  rickettsiae.34  Moreover, 
those  experiments  and  the  absence  of  lympho¬ 
cytes  and  macrophages  in  the  foci  of  hepatocel¬ 
lular  necrosis  at  the  stage  of  development  present 
in  these  cases  would  make  cell-mediated  im- 
munopathologic  mechanisms  seem  unlikely.  It 
may  be  hypothesized  that  the  patchy  hepatocel¬ 
lular  necrosis  is  related  to  the  infected  adjacent 
sinusoidal  lining  which  may  cause  reduced  pier- 
fusion  of  the  liver  lobule  and  diminished  ex¬ 
change  of  nutrients  and  metabolites  between  the 
lumen  of  the  sinusoid  and  the  hepatocyte. 

The  other  lesions  of  particular  interest  are  in 
the  amputated  fingers.  In  addition  to  the  ex¬ 
pected  observations  of  necrosis  and  wound  re¬ 
pair,  there  was  a  zone  of  severely  ischemic  tissue 
in  which  a  few  viable  cells  persisted  and  organ¬ 
isms  of  R.  conorii  were  identified.  The  obser¬ 
vation  of  persistent  rickettsiae  in  the  tissues  36 


days  after  the  beginning  of  treatment  with  tet¬ 
racycline  is  remarkable.  Identical  findings  were 
present  in  amputated  leg  specimens  from  a  pa¬ 
tient  in  North  Carolina  with  Rocky  Mountain 
s plotted  fever  who  had  been  treated  for  three  weeks 
with  chloramphenicol  (D.  H.  Walker,  personal 
communication).  In  both  cases  the  s  plotted  fever 
group  rickettsiae  were  seen  only  in  the  ischemic, 
piartially  viable  zone  where  delivery  of  effective 
antiricketlsial  drug  concentrations  and  host  de¬ 
fenses  such  as  T-lymphocytes,  macrophages,  and 
interferon  was  probably  inadequate.  This  phe¬ 
nomenon  may  be  related  to  the  well-known  ca¬ 
pability  of  spotted  fever  group  rickettsiae  to  con¬ 
tinue  to  proliferate  in  the  yolk  sac  of  hen’s  eggs 
for  48-72  h~  after  the  death  of  the  embryo.35 
Proof  that  these  morphologically  intact  organ¬ 
isms  are  truly  viable  will  require  isolation  of  rick¬ 
ettsiae  from  similar  amputation  specimens.  This 
documentation  of  the  pathologic  potential  of  R. 
conorii  in  its  most  severe  form  indicate*  that 
further  investigations  of  the  renal,  hepatic,  neu¬ 
rologic,  and  cutaneous  pathophysiology  of  this 
disease  and  of  the  pathogenic  mechanisms  of  R. 
conorii  should  be  pursued. 
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DEMONSTRATION  OF  SPOTTED  FEVER  GROUP  RICKETTSIAE 
IN  THE  TACHE  NOIRE  OF  A  HEALTHY  PERSON 
IN  SICILY* 
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Abstract.  A  human  case  of  rickettsial  infection  occurred  in  Sicily  following  tick  bite. 
The  patient  did  not  have  fever,  the  typical  nodular  rash,  or  other  symptoms  of  illness  other 
than  development  of  a  tache  noire  containing  spotted  fever  group  rickettsiae,  which  were 
demonstrated  by  immunofluorescence.  A  high  titer  of  antibodies  of  the  IgG  class  suggests 
that  the  patient  may  have  had  previous  exposure  to  Rickettsia  conorii  or  a  related  spotted 
fever  group  rickeltsia.  An  anamnestic  response  may  be  hypothesized  to  have  conferred 
partial  immunity,  with  resulting  containment  of  rickettsiae  at  the  site  of  inoculation. 


Boutonneuse  fever  (BF)  is  a  tick-bome  spotted 
fever  group  rickettsiosis  caused  by  Rickettsia 
conorii.  and  is  generally  transmitted  by  the  brown 
dog  tick.  Rhipicephalus  sanguineus.  In  50%  of 
clinically  apparent  cases  of  BF.  a  lesion  occurs 
at  the  site  of  the  observed  or  presumed  tick  bite. 
BF  is  further  characterized  by  fever,  cutaneous 
nodules  and  occasionally  involvement  of  viscer¬ 
al  organs.  The  documentation  of  asymptomatic 
infection  with  R.  conorii  by  serologic  surveys  of 
persons  in  whom  there  was  no  history  of  BF 
suggests  the  hypothesis  that  there  may  be  a  spec¬ 
trum  of  pathogenicity  of  the  host-parasite  rela¬ 
tionship  between  humans  and  R.  conorii~iike 
rickettsiae.'  This  spectrum  may  include  asymp¬ 
tomatic  seroconversion,  tache  noire  wtthout  oth¬ 
er  signs  or  symptoms,  and  various  combinations 
of  tache  noire,  fever,  rash,  and  cardiovascular, 
pulmonary,  renal,  and  hepatic  complications. 
This  report  documents  for  the  first  time  the  oc¬ 
currence  of  a  spotted  fever  group  rickettsial  in¬ 
fection  with  a  tache  noire  but  no  other  manifes¬ 
tations  of  disease. 
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CASE  REPORT 

A  60- year-old  agricultural  laborer  from  Sciac¬ 
ca.  Italy  noted  the  presence  of  a  tick  on  the  lateral 
aspect  of  the  right  lower  leg  and  removed  it  on 
10  March  1982.  Twenty  days  later  he  sought 
medical  attention  because  of  the  development  of 
a  skin  lesion  at  the  site  of  the  tick  bite.  The 
cutaneous  lesion  consisted  of  a  central,  black  ul¬ 
cer  2  cm  in  diameter  surrounded  by  vesicles  and 
a  peripheral  erythematous  zone  (Fig.  I).  Data 
including  clinical  course,  rickettsial  serology,  se¬ 
rum  immunoglobulins  and  complement  are 
shown  in  Figure  2.  Indirect  immunofluorescent 
antibody  assay  confirmed  the  diagnosis  of  BF 
with  anti-/?,  conorii  IgG  titer  of  1:320  and  IgM 
titer  of  1:80. 

On  3  April  1982.  a  biopsy  of  the  tache  noire 
was  performed.  Bright  field  microscopy  revealed 
foci  of  pseudoepitheliomatous  hyperplasia  in  the 
epidermis  surrounding  the  necrotic  mass  of  kar- 
yorrhecticdebris,  fibrin  and  keratin,  correspond¬ 
ing  to  the  eschar  (Fig  3).  In  the  surrounding 
dermis  and  underlying  subcutaneous  tissue,  there 
were  perivascular  accumulations  of  macro¬ 
phages,  lymphocytes,  and  numerous  eosinophils. 
The  vascular  endothelial  cells  were  swollen.  Ex¬ 
amination  of  sections  by  the  method  of  depar- 
affinization  and  trypsin  digestion,2  followed  by 
direct  immunofluorescence  with  a  conjugate  re¬ 
active  with  spotted  fever  group  rickettsiae. 
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Figure  I.  Tache  noire  in  a  patient  without  clini¬ 
cally  apparent  boutonneusc  fever. 


showed  focal  clusters  of  coccobacillary  organ¬ 
isms  in  the  lining  of  the  vessel  walls  in  the  re¬ 
ticular  dermis  (Fig.  4).  The  immunofluoresccnt 
conjugate  was  prepared  at  the  Centers  for  Disease 
Control,  using  killed  R.  rickettsii  as  antigen  for 
immunization  of  rabbits.'  The  conjugate  of  the 
globulin  fraction  of  rabbit  antiserum  has  also 
been  demonstrated  to  react  with  R.  conorii  at  a 
titer  of  1:512. 

Reaction  of  sections  of  the  eschar  with  guinea 
pig  prescrum  by  indirect  immunofluorescence 
using  a  1 :20  dilution  of  serum  and  1:40  dilution 
of  rabbit  anti-guinea  ptg  IgG  conjugate  (DAKO. 
Accurate  Chemical  and  Scientific  Corporation. 
Westbury.  N.  Y.)  revealed  no  organisms,  whereas 
the  same  indirect  immunofluoresccnt  system  us¬ 
ing  convalescent  scrum  collected  from  the  same 
animal  I  month  after  inoculation  of  R.  conorii 
revealed  foci  of  thin  bacilli  compatible  with  nck- 
ettsiae. 

On  5  April  the  anti-/?,  conorii  titers  remained 
at  the  same  level  while  both  the  third  and  fourth 
components  of  complement  were  slightly  ele¬ 
vated.  At  no  time  during  his  course  did  the  pa¬ 
tient  report  a  fever.  He  was  afebrile  and  did  not 
have  a  rash  during  evaluation  of  the  eschar  or 
during  the  following  8  months. 
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Figure  2.  Clinical  course,  rickettsial  serology,  se¬ 
rum  immunoglobulins,  and  complement  in  a  patient 
without  clinically  apparent  boutonneuse  fever.  WF.  Weil 
Felix:  IF.  immunofluorescence:  C3c.  C4.  IgA.  IgG  and 
IgM  (radial  diffusion  on  Petn  plates.  Behring),  normal 
values,  respectively,  50-120.  20-50.  90-450.  800- 
1.800  62-250  mgr  1 00  ml. 


DISCO  SSION 

The  observation  of  spotted  fever  group  rick- 
ettsiae  at  the  site  of  tick  bite  is  strong  evidence 
for  inoculation  of  rickettsiae  into  the  skin  by  tick 
bite,  colonization  of  vascular  endothelium  by  the 
rickettsiae.  and  stimulation  of  host  defenses 
without  any  systemic  signs  or  symptoms  of  dis¬ 
ease.  In  our  patient  rickettsiae  were  identified  in 
the  tache  noire  by  direct  immunofluorescence 
using  rabbit  anti-/?,  rickettsii  fluorescein  conju¬ 
gate. :  This  conjugated  antiserum  also  reacts  with 
R.  conorii,  as  shown  by  Hebert  et  al.,J  and  can 
be  considered  as  specific  for  the  spotted  fever 
group  of  rickettsiae. 

The  fact  that  rickettsiae  persisted  for  23  days 
after  tick  bite  is  surprising,  but  has  previously 
been  documented  to  occur  in  rickettsial  infec¬ 
tions.  R.  rickettsii  has  been  recovered  from  lymph 
nodes  of  a  patient  I  year  after  clinical  recovery 
from  Rocky  Mountain  spotted  feverri  Even  in 


TACHE  NOIRE  WITHOUT  BOUTONNEUSE  FEVHR 
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Figure  3.  Photomicrograph  of  eschar  with  focal 
dermal  necrosis  (lower  left),  downgrowth  of  stratified 
squamous  epithelium  along  tract  of  tick  bite,  adjacent 
granulation  tissue,  chronic  inflammation,  and  swollen 
endothelial  cells.  Hematosylin-eosin,  x  235. 


vitro  in  the  plaque  model,  the  center  of  the  plaque 
has  been  shown  to  harbor  a  few  intact  cells  con¬ 
taining  rickettsiae  after  most  of  the  surrounding 
cells  have  been  destroyed.’  These  observations 
suggest  that  selection  of  less  virulent  rickettsiae 
or  more  resistant  host  cells  may  occur  during 
infection,  allowing  for  asymptomatic  persistence 
of  rickettsiae.  Persistence  of  typhus  rickettsiae  in 
patients  toi  rpany  years  after  epidemic  typhus 
may  result  in  recrudescent  illness.  Our  patient’s 
tache  noire  was  still  in  an  active  phase  with  early 
manifestations  of  healing  23  days  after  tick  bite, 
whereas  most  of  these  lesions  heal  between  14 
and  20  days.  It  is  conceivable  that  this  patient’s 
humoral  immune  response  prevented  the  spread 
of  rickettsiae.  while  deficient  cell  mediated  im¬ 
munity  failed  to  eliminate  the  intracellular  or- 


Fkjuue  4.  Biopsy  of  tache  noire.  Fluorescent  rirk- 
ettsiae  in  wail  of  dermal  vessel.  Fluorescein  isothy- 
ociamte-conjugated  anti-spotted  fever  group  .ickett- 
siae  serum.  *  300. 


ganisms.  Experiments  with  R  mooseri  in  guinea 
pigs  support  this  hypothesis,  since  passive  trans¬ 
fer  of  immune  cells  prevented  an  inoculation  site 
lesion  while  passive  transfer  of  immune  serum 
failed  to  prevent  the  lesion.* 

The  two  principal  hypotheses  that  may  explain 
the  occurrence  of  R.  conorii  infection  manifested 
only  by  an  "schar  are  either  that  the  strain  of  R. 
ccmorii-like  rickettsia  was  of  relatively  low  vir¬ 
ulence,  or  that  previous  spotted  fever  group  rick¬ 
ettsial  infection  provided  partial  immune  pro¬ 
tection.  Investigation  of  spotted  fever  group 
rickettsiae  in  North  America  has  revealed  a  great 
diversity  of  rickettsial  species  with  a  wide  spec¬ 
trum  of  virulence  as  judged  by  response  of  guinea 
pigs  to  inoculation.7  At  the  present  time  the  range 
of  virulence  of  R.  cono-ii.  and  possibly  other 
spotted  fever  group  rickettsiae  in  the  Mediter¬ 
ranean  basin,  is  not  known.  The  serologic  doc¬ 
umentation  of  infection  with  R.  conorii  among 
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as  many  as  20%  of  persons  in  western  Sicily  who 
are  engaged  in  agricultural  activities  and  give  no 
history  of  BF  suggests  that  there  are  nonpatho- 
genic  strains  of  R.  conorti  in  Sicily.1  *  The  pos¬ 
sibility  of  a  previous  infection  with  R.  conorii 
cannot  be  excluded.  The  serology,  in  fact,  dem¬ 
onstrated  a  higher  level  of  antibody  to  R.  conorii 
in  the  IgG  class  than  in  tht  IgM  class,  as  would 
be  expected  in  an  anamnestic  immune  response. 
Bourgeois  et  al.’  have  shown  that  in  primary 
infection  with  R.  tsutsugamusbi  the  antibody  re¬ 
sponse  is  mainly  of  the  IgM  class.  In  contrast, 
reinfection  scrub  typhus  stimulates  an  antibody 
response  mainly  of  the  IgG  class.  We  have  also 
observed  these  two  types  of  antibody  response 
to  R.  conorii  in  BF.10  It  may  be  hypothesized 
that  our  patient,  an  agricultural  laborer  who  is 
at  high  risk  for  both  tick  bite  and  R.  conorii 
infection,  had  a  prior  infection  with  residual  im¬ 
munity  sufficient  to  contain  the  subsequently  in¬ 
oculated  organisms  at  the  portal  of  entry.  Elu¬ 
cidation  of  the  hosl-rickettsia  relationship 
between  humans  and  R.  conorii  will  require  ex¬ 
tensive  investigation  of  strains  of  R  conorii  iso¬ 
lates  in  Sicily,  and  of  the  immunology  of  human 
host  defenses  against  rickettsiae.  BF  offers  an  ex¬ 
cellent  opportunity  for  the  advancement  of 
knowledge  concerning  rickettsial  pathogenesis 
and  immunity. 
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To  evaluate  the  importance  of  proteolytic  activity  in  the  pathogenesis  of  cell  injury  by  Rickettsia 
rickettsii,  a  series  of  four  aromatic  amidine  inhibitors  of  trypsin-like  proteases  were  introduced  into  the 
plaque  model.  The  compounds  were  shown  to  be  active  toward  plaque  reduction  with  their  order  of 
effectiveness  parallel  to  their  antitrypsin  activity.  One  of  the  compounds.  bis<5-amidino-2-benzimida2o{yl>* 
methane,  at  a  concentration  of  10~  M  demonstrated  complete  inhibition  of  plaque  formation  on  day  6. 
3is(3-am>di<io-2-benzim*dazolyl)meihane  at  the  same  concentration  reduced  cell  injury  even  when  added  to 
the  system  after  72  h  of  rickettsial  infection.  The  reduction  in  morbidity  in  guinea  pigs  experimentally 
infected  with  R.  rickettsii  and  treated  with  bis<5-afludmo-2-benziinidazo(yl)methane  as  compared  with 
morbidity  in  infected,  untreated  animals,  comprised  delay  in  the  om.rt  of  fever  and  slightly  fewer  febrile 
animals.  Because  bts<5-am»dino-2-benzjmidazolyi)methane  had  no  e**  ;!  on  phospholipase  A2.  the  enzyme 
activity  associated  with  penetration-induced  cell  injury,  it  is  likely  tfr.4  a  trypsin-like  protease  also  plays  an 
essential  role  either  in  the  physiology  of  R.  rickettsii  or  as  its  pathogenic  mediant;  a. 


Virions  of  several  different  genera  require  exposure  to 
proteolytic  enzymes  to  achieve  full  expression  of  their 
biological  properties  (7).  As  a  corollary  to  this  fact,  protease 
inhibitors  can  be  expected  to  have  potential  antiviral  activi¬ 
ty.  This  was  substantiated  by  our  recent  discovery  of  the 
ability  of  synthetic  low-molecular- weight  inhibitors  of  tryp¬ 
sin-like  proteases  to  block  respiratory  syncytial  virus-in¬ 
duced  cytopathology  (2-4, 10).  Although  the  site  of  action  of 
these  agents  has  not  yet  been  determined,  we  presented 
strong  evidence  that  their  antiviral  effect  may  be  linked  to 
their  amiproteoiytic  properties.  The  most  potent  of  the 
inhibitory  agents,  bis(5-amidino-2-benzimidazoiyt)mcthane 
(BABIM),  was  shown  to  exert  the  following  effects:  (i)  delay 
of  penetration  of  virus  into  cells,  (ii)  blockage  of  virus- 
mduced  cell  fusion,  (hi)  reduction  of  multiple-cycle  yields  of 
virus,  and  (»v)  reduction  in  pathology  and  virus  yield  in 
experimentally  infected  animals. 

Similar  to  virU  diseases,  rickettsial  infection  of  cells 
involves  a  penetration  step.  This  event  is  known  to  be 
enzyme  mediated,  but  thus  far  only  phospholipase  A3.  and 
not  a  protease,  has  been  shown  to  participate  in  the  process 
(13,  23).  Our  experience  with  respiratory  syncytial  virus 
su*£~sted  application  of  the  amidine  inhibitors  to  the  rickett¬ 
sial  system  m  search  of  evidence  of  proteolysis  in  the 
pathogenetic  sequence.  Such  evidence  was  readily  found  in 
a  study  of  the  rickettsial  plaque  assay,  and  the  results  are  the 
subject  of  this  communication. 

MATERIALS  AND  METHODS 

Rickettsiae.  Stocks  of  R.  rickettsii  (Sheila  Smith  strain) 
were  cultivated  by  inoculation  of  the  yolk  sac  of  5-day-dd 
specific  pathogen-free  embryonated  hen  eggs  (SPAFAS, 
Norwich.  Conn.)  with  plaque-purified  organisms  provided 
by  Charles  L.  Wisseman.  Jr.  (University  of  Maryland. 
Baltimore).  Inoculated  eggs  were  incubated  at  35*C.  and 
their  yolk  sacs  were  harvested  5  days  after  inoculation,  24  to 
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4S  h  after  the  death  of  the  chick  embryos.  Yolk  sacs, 
containing  rickettsiae  were  homogenized  in  a  Waring  blend¬ 
er.  diluted  in  sucrose  phosphate  glutamate  (0.218  M  sucrose. 

0.0038  M  KH;P04.  0.0072  M  K2HP04.  0.0049  M  glutamate, 
pH  7.0)  (1)  to  a  1%  suspension,  and  stored  frozen  at  -70®C  in 

1- mi  samples.  Samples  were  titrated  by  plaque  assay  in  chick 
embryo  cell  culture  and  found  to  contain  7  x  10*  PFU/ml. 

Plaque  wndri.  Flasks  (Corning  Glass  Works,  Corning. 

N.Y.)  with  25-cnr2  monolayers  of  E6  clone  Vero  (African  i 

green  monkey  kidney)  cells  were  inoculated  with  0. 1  ml  of  a  i 

suspension  of  R.  rickettsii  diluted  10~*in  brain  heart  infusion 
broth.  The  inoculum  was  adsorbed  for  30  min  before  the 
addition  of  5  ml  of  minimal  essential  medium  (GIBCO 
Laboratories.  Grand  Island.  N.Y.)  containing  5%  fetal  bo¬ 
vine  senim  (Flow  Laboratories,  Inc..  McLean,  Va.),  0.02  M 
HEPES  (A(-2-hydroxyethylp»pcra2ine-V'-2-c<hanesulfcnic  j 

acid)  buffer.  2  mM  l -glutamine,  ca.  0.07595-  NaHCO^  to  final  \ 

pH  7.3.  0.5%  agarose  (Sea  Kem,  FMC  Corp.,  Marine 
Colloids  Div.,  Rockland.  Maine),  and  different  concentra¬ 
tions  of  protease  inhibitors.  Flasks  were  incubated  at  35°C 
for  4  days  at  which  time  $  mi  of  an  identical  second  overlay 
medium  containing  0.01%  neutral  red  was  added.  After 
further  incubation,  plaques  were  counted  on  various  combi¬ 
nations  of  days  5,  6.  and  7  (14.  16,  20-22). 

Prmeaat  Mrfbitors.  Inhibitors  of  trypsin-like  proteases  j 

used  in  these  experiments  were  BABIM,  1.2-bis(5-amidino- 

2- benzirradazolyi)ethane.  l,5-bis(5-amidino-2-benzimidazo-  * 

lyOpentane,  and  5-amidinoindoie.  They  were  synthesized  as  » 

previously  reported  (5,  9).  $ 

Experimental  design.  Each  of  these  aromatic  amidines  was  j 

incorporated  into  both  the  first  and  second  overlay  media  of 
three  flasks  at  concentrations  of  IO-4,  10"  \  and  10“*  M,  and 
plaque  counts  were  compared  with  those  of  monolayers  j 

inoculated  with  the  same  rickettsial  suspension  and  overlaid  J 

with  medium  containing  no  protease  inhibitors.  Control  3 

flasks  included  uninoculated,  untreated  monolayers  and  also  j 

uninfected  monolayers  treated  with  a  10~4  M  concentration 
of  the  aromatic  amidines  for  evaluation  of  toxic  fly.  The 
mean  plaque  count  was  calculated  for  each  concentration  of  1 
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TABLE  1.  Effect  of  inhibitor*  of  trypsin-like  protease*  on  formation  of  plaques  with  Rickettsia  rickettsii 


Compuuwi 

Concn  1M> 

Effect  at  miuhrtor*  on  day-: 

Trypun 

3 

« 

7 

Plaques 

Sue 

Plaque* 

Sue 

Plaque* 

Sue 

Bis(  5-am  id  i  no- 2 -benzi  m  kIjlzoI  y  i )- 

10  4 

_ 

_ 

OtO 

O 

0-0 

O 

0.017 

met  fume 

10  * 

— 

— 

0  £  C 

O 

15  0  -  3.5 

s 

10  * 

— 

— 

46.0  £  1.5 

S 

52.0  ±  1.2 

s 

None 

— 

— 

70.0  -  5.0 

N 

69.5  -  5.J 

N 

lj- Bist  5-amkiir*>-2-bcnzimdazoly  1  >- 

10  4 

Toxic 

Toxic 

Toxic 

4.68 

ethane 

10  4 

21.7  ±  3.7 

N 

23.7  e  3.8 

N 

23.0  ±  5.0 

N 

10  * 

22.3  i  5.8 

N 

29.0  e  7.6 

N 

31.7  -  9.4 

N 

None 

32.0  -  3.0 

N 

37.3  -  3.2 

N 

38.0  -  2.6 

N 

1J- B  ist  amidino-2-benzimidozol  yO- 

10  4 

_ 

_ 

0-0 

O 

_ 

_ 

9.46 

penune 

10  1 

— 

— 

60.7  -  5.2 

S 

— 

— 

10  • 

— 

— 

67.3  -  2.4 

N 

— 

— 

None 

— 

— 

71.0  -  0.9 

N 

— 

5-Amidiitoiodole 

10'4 

34.7  ^  2.0 

N 

51.7  -  0.9 

N 

_ 

29.1 

10  ’ 

42.7  -  1.2 

N 

56.7  ♦  1.7 

N 

— 

— 

10  4 

Contam. 

Contam. 

— 

— 

None 

39.5  ±  5.5 

N 

58.0  e  6.0 

N 

— 

— 

4  Plaques  are  measured  by  mean  number  of  plaques  per  flask  i  standard  error  of  the  mean  and  by  size:  — .  not  examined;  O.  no  plaques;  S. 
small  plaques;  N,  normal-size  plaques;  Contam..  culture  contaminated. 


each  amidine  and  was  compared  with  the  count  of  the  R. 
rickettsii-io(c cted  flasks  containing  r.o  amidine. 

In  a  second  experiment,  the  first  overlay  after  inoculation 
of  the  monolayer  with  R.  rickettsii  contained  no  aromatic 
amidines.  On  day  3  172  h  after  inoculation  of  rickettsiae!.  a 
second  overlay  was  added  to  each  flask.  The  second  overlay 
contained  BAB1M  at  concentrations  of  2  *  10'\  2  *  10'  . 
and  2  x  10  *  M  to  achieve  final  protease  inhibitor  concentra¬ 
tions  of  10“4.  10' 5.  and  10' *  M  in  the  combined  overlay 
medium. 

Guinea  pig  experiment.  Twenty-five  adult  (400-  fo  600- g) 
male  guinea  pigs  (Hartley  strain!  were  divided  as  follows. 
Ten  animals  were  inoculated  intrapenloneally  with  330  50# 
tissue  culture  infective  doses  (ca.  38  50#  guinea  pig  infec¬ 
tious  doses!  of  R.  rickettsii  (Sheila  Smith  strain!  and  treated 
with  BABIM  at  a  dose  of  15  mg/kg  per  day  given  daily  by  the 
intra  pen  tone  al  route  beginning  30  min  after  nckcttsial  inocu¬ 
lation  and  continuing  for  9  days:  ten  animals  were  inoculated 
intraperitoneally  with  330  50#  tissue  culture  infective  doses 
of  R.  rickettsii  and  given  no  treatment,  and  five  uninfected 
animals  were  given  15  mg  of  BABIM  per  kg  daily  via  the 
intra  peritoneal  route  for  9  days.  Animals  were  examined 
daily,  and  rectal  temperatures  were  measured  with  a  battery- 
operated  thermometer  with  a  flexible  probe  (Telethermom¬ 
eter;  Yellow  Springs  Instrument  Co..  Yellow  Springs.  Ohio!. 

PbosphotffMfc!*  A i  assay.  The  procedure  used  was  that 
described  by  Vigo  et  al.  (12),  in  which  hydrolysis  of  phos¬ 
pholipid-containing  liposomes  is  followed  spectrophotomet- 
rically  at  340  nm.  The  assay  mixtures  of  1  ml  of  0. 1  M  Tris- 
hydrochloride  buffer  (pH  7.2)  contained  0.5  mg  of 
dipaJmitoyl-lecithin  (as  liposomes).  1  mM  CaCI?.  and  10  U  of 
phospholipase  A;  from  Naja  naja  venom  (Sigma  Chemical 
Co.,  St.  Louis,  Mo.).  The  reaction  was  terminated  by  the 
addition  of  1  ml  of  methanol  containing  15  mM  EDTA. 

RESULTS 

The  effects  of  inhibitors  of  trypsin-like  proteases  on 
plaque  count  and  size  are  presented  in  Table  1.  There  was  a 
close  correlation  between  the  reduction  in  plaque  count  and 


the  inhibition  constants  (AC  values)  for  trypsin  (2).  The  most 
marked  plaque  reduction  was  observed  with  the  most  effec¬ 
tive  inhibitor  of  trypsin  activity.  BABIM.  with  no  plaques 
being  observed  on  day  6  after  inoculation  in  the  presence  of 
10" 1  M  of  the  amidine.  Measurable  plaque  reduction  was 
also  observed  at  a  concentration  of  10~ft  M  BABIM.  and  the 
plaques  present  were  smaller  than  untreated  plaques.  The 
least  active  inhibitor  of  trypsin.  5-amidinoindole.  which  has 
a  A,  of  29.1  jiM  for  trypsin  (5).  showed  minimal  effects  on  R. 
rickettsii  plaque  count  and  size.  The  monolayers  treated  with 
1.5-bisl5-am»dine-2-benzimidazolyl)pentane.  having  an  in¬ 
termediate  A,  (9).  showed  evidence  for  reduction  in  ceil 
injury  caused  by  R.  rickettsii  as  measured  by  plaque  count 
and  size.  However,  the  effect  was  less  than  that  of  BABIM. 
At  concentrations  of  10' 4  M  and  less,  none  of  the  aromatic 
amidines  except  1.2-bis(5-amidino-2*benzimidazolyl!ethane 
caused  cytotoxic  effect  on  the  Yero  cells. 

To  determine  whether  delayed  exposure  to  BABIM  would 
still  influence  the  cytopathic  events  in  the  monolayers,  a 
second  series  of  experiments  was  carried  out.  Here,  the 
Vero  cell  culture  was  inoculated  with  R.  rickettsii .  and  the 
establishment  of  infected  foci  was  allowed  to  proceed  nor¬ 
mally  by  feeding  with  an  initial  overlay  free  of  BABIM.  On 
day  3  after  inoculation,  second  overlays  containing  various 
concentrations  of  the  inhibitor  were  added,  and  the  resulting 
effects  on  the  monolayer  on  day  6  and  7  were  recorded 
(Table  2).  As  can  be  seen,  there  was  complete  suppression  of 
plaque  formation  at  a  BABIM  concentration  of  10  4  M.  At  a 
concentration  of  10"'  M.  there  was  still  a  notable  reduction 
in  plaque  count.  However,  the  effect  was  less  pronounced 
than  it  was  when  BABIM  had  been  present  in  the  medium 
immediately  after  the  inoculation  (Table  1). 

BABIM  was  somewhat  toxic  for  guinea  pigs,  causing  a 
transient  fever  (>40*C)  early  in  the  course  of  treatment  (4  of 
5  animals  on  day  3  and  2  of  5  animals  on  day  4)  (Table  3).  A 
similar  transient  fever  was  observed  early  in  the  course  of 
BABIM  treatment  ot  animals  infected  with  R.  rickettsii. 
However,  the  temperatures  of  ail  guinea  pigs  returned  to 
base  line  before  day  5.  Onset  of  fever  was  delayed;  5  of  10 
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TABLE  2.  Effect  of  treating  Rickettsia  nckettsii  plaque  mode* 
wrtJi  BABIM  oo  day  3  after  inoculation 


Effect  am  d*r“ 

BABiM 

4 

7 

Plaque* 

Sue 

Ptaq-ic* 

Sue 

I0“4 

0  £  0 

0 

0  £  0 

O 

io-’ 

31.3  £  5.4 

N 

50.0  £  13.0 

S 

10* 

67.7  £  9.0 

N 

82.7  £  9.5 

N 

Home 

76.3  £  3.1 

N 

82.0  £  3.1 

N 

*  PUques  are  measured  by  mean  number  of  plaques  per  flask  £ 
standard  error  of  the  mean  and  by  size:  L>,  no  plaques;  N.  normal 
plaque  size:  S,  small  plaques. 


untreated  animals  had  fever  on  day  5  as  compared  with  no 
febrile  animals  in  the  BABIM-treated  group.  On  day  6.  8  of 
10  untreated  animals  were  febrile  as  compared  with  only  2  of 
10  BABIM-treated  animals.  Four  febnie  animals  in  each 
group  died  during  the  course  of  the  rickettsial  disease. 

BABIM  was  found  to  have  r  }  effect  cn  the  hydrolysis  of 
dipalmitoyl-lecithm  liposomes  by  phospholipase  A*  from 
Najo  ruxja  venom. 

DISCUSSION 

The  order  of  effectiveness  of  aromatic  amidines  in  reduc¬ 
ing  pl-que  formation  by  R.  nckettsii  follows  their  order  of 
effectiveness  in  inhibiting  trypsin  and  several  other  trypsin- 
like  proteases  and  corresponds  to  their  order  of  elfeciiveness 
in  blocking  cell  fusion  by  respiratory  syncytial  virus  in  vivo 
(2. 5,  10).  This  parallelism  of  activities  at  .  **w  concentrations 
argues  strongly  for  the  antirickettsiai  effect  resulting  from 
the  action  of  compounds  as  protease  inhibitors  on  a  trypsin¬ 
like  enzyme.  However,  it  was  also  necessary  to  consider  the 
possibility  that  amidines  might  act  by  inhibition  of  phospho¬ 
lipase  Aj,  especially  since  a  cell  penetration  phospholipase 
appears  to  be  an  important  rickettsial  pathogenic  mechanism 
and  a  protease  inhibitor  ot  a  different  structure  had  previous¬ 
ly  been  shown  to  suppress  phospholipase  A3  activity  (8).  We 
showed  this  possibility  to  be  unlikely  by  demonstrating  that 
BABIM  at  a  concentration  of  10-4  M  has  no  effect  on 


phospholipase  Aj  activity  (from  Naja  mm  venom).  Of 
course,  the  linkage  of  a  trypsin-tike  protease  in  a  chain  of 
enzymes  that  includes  phospholipase  A3caaaot  be  excluded 
(11).  In  fact,  trypsin  activation  is  necessary  for  all  mammali¬ 
an  pancreatic  phospholipases  A?  (13).  Some  of  the  other 
possible  mechanisms  by  which  a  trypsin-tike  protease  might 
fit  into  the  scheme  of  rickettsial  injury  to  cells,  besides 
proteolytic  activation  of  the  penetration  mechanism-associ¬ 
ated  phospholipase,  include  direct  proteolytic  attack  on  the 
host  cell  membrane  either  during  entrance  into  the  cell  or  on 
release  from  the  cell  or  an  essential  iatracchaiar  catabolic 
function. 

The  reduction  of  plaque  counts  by  the  addition  of  BABIM 
72  h  after  the  establishment  of  nckettsa  infected  foci  docu¬ 
ments  that  the  protease  inhibitors  are  not  merely  preventing 
initial  rickettsial  infection  and  suggests  that  protease  inhibi¬ 
tors  may  be  blocking  a  rickettsial  fancoon  essential  to 
expression  of  the  pathogenic  mechanism.  The  hypothesis 
that  a  protease-associated  pathogenic  mrrti— ism  is  blocked 
by  BABIM  is  also  supported  by  the  deiay  of  plaque  forma¬ 
tion  by  a  10~5  M  concentration  of  BABIM  with  delayed 
appearance  of  several  small  plaques  on  day  7.  Rickettsiae 
survived  the  BABIM  treatment  and  caused  formation  of  a 
.:w  plaques,  presumably  after  protease  activity  overcame 
the  protease  inhibitory  activity.  Because  fatal  cases  of 
Rocky  Mountain  spotted  fever  are  often  diagnosed  and 
treated  too  late  in  the  course  of  disease  for  rickettsiostaiic 
antimicrobial  agents  to  prevent  the  demise  of  the  patients  (6, 
17-19).  additional  inhibition  of  rickettsial  injury  to  the  host 
would  benefit  such  critically  ill  patients.  Consideration  of  the 
possible  use  of  inhibitors  of  trypsin-like  proteases  for  the 
treatment  of  rickettsial  diseases  would  rcsgnre  investigation 
of  these  drugs  in  other  animal  models,  further  study  of  the 
mechanism  of  action  of  protease  inhibitors  on  the  rickettsia- 
host  cell  interaction,  and  information  on  (he  toxicity  of  these 
compounds  in  humans,  especially  on  the  inflammatory  and 
coagulation  mechanisms:  complement,  kaftkrcm.  coagula¬ 
tion.  and  fibrinolysis. 

Data  oo  the  toxicity  of  BABIM  include  the  acute  50% 
lethal  dose  for  cotton  rats  of  136  mg  of  BABIM  per  kg  and  a 
dosage  for  cotton  rats  of  30  mg  of  BABIM  per  kg  daily  for  7 
days  without  ill  effects.  Current  pharmacological  studies  of 
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rats  that  received  a  dose  of  20  mg  of  B ABIM  per  kg  daily  and 
of  mice  that  received  a  dose  of  20  mg  of  B  ABIM  per  kg  daily 
have  not  detected  any  toxicity.  These  observations  of  prote¬ 
ase  inhibitors  blocking  rickettsial  injury  to  cells  offer  inter¬ 
esting  new  hypdthcM*  for  studying  ncketisial  pathogenesis. 
At  this  point,  th^y  should  be  used  as  tools  for  ducidating 
rickettsial  piysidogy  and  pathogenic  mechanisms. 

ACKNOWLEDGMENTS 

We  are  grateful  lo  Richard  Lombardy  for  synthesis  of  the  com¬ 
pounds  and  to  Jennie  Lu  Hollander  for  preparation  of  the  manu¬ 
script. 

The  study  was  supported  by  Public  Health  Service  grant 
HL19171-07  from  the  National  Institutes  of  Health  and  by  U.S. 
Army  Contract  DAMD17-83-C3122. 

LnTRATtfRjt  CmRD 

1.  Bmraidt.  M.  R.,  J.  C.  LJMer,  and  J.  C  Snyder.  1950.  The 
influence  of  certain  salts,  ammo  acids,  sugar;  and  proteins  on 
the  stability  of  nckettsiae.  J.  Bacterid.  5*509-0/2. 

2.  Dntxrri,  E.  J..  J.  0.  Geraa,  S.  X.  Sharer,  d  R.  R.  Tkhre*. 
15391.  Inhibition  of  respiratory  syncytial  viro»-host  cell  interac¬ 
tions  by  mooo-  and  diamidines.  At.^microb.  Agents  Chemother. 
1*649-656. 

3.  Duh:rri,  E.  J.,  J.  D.  G«r»tz,  and  R.  R.  Tktwefl.  19X0.  Inhibition 
of  respiratory  syncytial  virus  by  bis<5-am»dino-2-benzimidazo- 
lyDmcthanc.  Virology  103:502-504. 

4.  Dmbovi.  E-  J..  J.  D.  Geratz,  a m*  R.  R.  TldweR.  1993.  Enhance¬ 
ment  of  respiratory  syncytial  virus-induced  cytopaihdogy  by 
trypsin,  thrombin,  and  r  lasmm.  Infect.  Immun.  40:351-358. 

5.  Geratz.  J.  D.,  F.  M.  Stevem,  K.  L.  Potakmki,  R.  F.  Parrish,  and 
R.  R.  Thrived.  1979.  Amidino-substitutcd  aromatic  heterocyclcs 
as  probes  of  the  specificity  pocket  of  trypsin-like  proteases. 
Arch.  Bkxhem.  Biopbys.  197:551-559. 

6.  Hattwkk,  M.  A.  W.,  !!.  RetaiUiaa,  R.  J.  O’Brien,  M.  Stauker, 
R,  E.  Fontaine,  awl  B.  Hum.  1978.  Fatal  Rocky  Mountain 
spotted  fever.  J.  Ar,  Med.  Assoc.  24*1499-1503. 

7.  Konat,  B.  1978.  Proteolytic  events  in  viral  replication,  p.  171- 
224.  Im  R.  Berlin.  H.  Hermann.  1.  Lepow,  and  J.  Tanzer  (ed.). 
Molecular  basis  of  biological  degradative  processes.  Academic 
Press,  Inc..  New  York. 

8.  Kaaar,  H.,  E.  Bohn,  and  II,  Dameraa.  1983.  Effects  of  the  anti¬ 
inflammatory  serine  esterase  inhibitor.  FOY.  on  phospholipase 
Aj  (EC  3. 1.1.4)  activity  in  rabbit  polymorphonuclear  leuko¬ 
cytes.  Pharmacol.  Res.  Com  mu  n  15:869-878. 

9.  Thrived,  R.  R.,  J.  D.  Geratz.  O.  Da* m,  G.  Vote.  D.  Zeh,  and  H. 


Lame.  1978.  Diary  larrudine  derivatives  with  one  or  both  of  the 
aryl  moieties  consisting  of  an  indole  or  indole-like  ring.  Inhibi¬ 
tors  of  arginine- specific  etteroproteases.  J.  Med.  Chcm.  21  ^13 — 

623. 

10/  Thtwed,  R.  R.,  2.  D.  Gcntz,  and  £.  J.  Mwd.  1983.  Arotn»tk 
am  Klines:  comparison  of  ihcir  ability  to  block  respiratory  syncy¬ 
tial  vims  induced  ceil  fusion  and  to  inhibit  piasmm,  urokinase, 
thrombin,  and  trypsin.  J.  Med.  Chem.  21:294-298. 

11.  Van  Dm  Bosk,  H.  1980.  intracellular  phospholipases  A.  Bio- 
chim.  Biophys.  Acta  484:191-246. 

12.  Vigo,  C.„  G.  P.  Lew*,  and  P.  J.  Piper.  1980.  Mechanisms  of 
inhibition  of  phospholipase  Aa.  Biochcm.  Pharmacol.  2* 623- 
627. 

13.  Vofcaert,  J.  J.,  sod  G.  H.  Dr  Haas.  1982.  Pancreatic  phosphob- 
pase  Aj:  a  model  for  membrane-bound  enzymes?,  p.  69-149.  /* 

P.  C.  Jost  and  O.  H.  Griffith  (ed.).  Lipid-protein  interactions, 
vol.  1.  John  Wiley  A  Sons.  Inc..  New  Ycat. 

14.  Wdktf,  D.  H..  and  B.  G.  Cain.  1980.  The  rickettsial  plaque. 

Evidence  for  direct  cytopathic  effect  of  Rickettsia  nckettsi' 

Lab.  Irtve*  43:388-396. 

15.  Writer,  D.  L* .  W.  T.  Firth,  j.  G.  Baflard,  and  B.  C.  Hegarty. 

1983.'  Role  of  pt  .os  phohpase- assoc  tried  penetration  mechanism 
in  cell  injury  by  Rickettsia  ncktitsii.  Infect.  Immun.  4*840- 
842. 

16.  Walker,  D.  H-,  W.  T.  Fkth,  and  C.-J.  S.  Edged.  1982.  Human 
endothelial  cell  culture  plaques  induced  by  Rickettsia  riekettsii. 

Infect.  Immun.  37:301-306. 

17.  Walker,  D.  H„  R.  M.  Gay.  and  M  Vahies-Onpena.  1981.  Tha 
occurrence  of  eschars  in  Rocky  Mr>untain  spotted  fever.  J.  Am. 

Acad.  Dermatol.  4:571-576. 

18.  Walker,  D.  H.,  and  W.  D.  Madera.  1979.  A  cute  renal  failure  in 
Rocky  Mountain  spotted  fever.  Arch.  Intern.  Med.  13*443- 
448. 

19.  Walker,  D.  H.,  and  W.  D.  Matter*.  1980.  Rickettsial  vasculitis. 

Am.  Heart  J.  10*896-906.  ** 

20.  Wlke,  D.  A.,  aad  W  Bargdorfcr.  1972.  Plaque  formation  in 
tissue  cultures  by  Rickettsia  riekettsii  isolated  directly  from 
whole  blood  and  tick  hemotymph.  Infect.  Immun.  *736-738. 

21.  Wlke,  0.  A.,  R.  A.  OrWw,  G.  Tafcw.  and  M.  G.  Pewack. 

1972.  Effects  of  various  suspending  media  on  plaque  formation 
by  nckettsiae  in  tissue  culture.  Infect.  Immun.  *550-556. 

22.  Wlke,  D.  A-,  G.  Tadent.  M.  G.  Pfcacfc,  and  R.  A.  Orarin. 

1972.  Studies  of  the  ncketisial  plaque  assay  technique.  Infect. 

Immun.  5:715-722. 

23.  Wlafcier,  H.  H.,  and  E.  T.  M»er.  1982.  Phospholipase  A  and  the 
interaction  zf  Rickettsia  prtrwazekii  and  mouse  fibroblasts  (L- 
929  cells).  Infect.  Immun.  3*109-113. 


j 


■y 


